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PREFACE ' ■ 

The Intel iAPX 286 microsystem is a aigli-pmwmaiice iiii(atq«OMS«iig system based on the 80286 

microprocessor. 



This manual serves as the definitive hardware reference guide for iAPX 286 system designs. It is 
written for system engineers and hardware designers who understand the operating principles of micro- 
processors and microcomputer systems. Readers of this manual should already be familiar with the 
iAPX 286 architecture at the level described in the Imroductim to the iAPX 286 (Intel publication 
Older Number 210308). 



In this manual, the iAPX 286 microsystem is presented from a hardware perspective. Information on 
the software architecture, instruction set, and programming of the iAPX 286 can be found in these 
related Intel publications: 

• iAPX 286 Programmer's Reference Manual, Order Number 210498 

• ASM286 Assembly Language Reference Mmml, Order Number 121924 

• PL/M-286 User's Guide, Od» Nttmb«- 121946 



Together with the iAPX 286 Hardware Reference Manual, these publications provide a complete 
description of the iAPX 286 aaetmffs^mi for hardware des^ners, software raigmeers, and all users of 
iAPX 286 systems. 



ORGANIZATION OF THIS MANUAL 

The information in this manual is divided into seven chapters and one appendix. The material is intro- 
duced beginning with a system-level description of the iAPX 286 microsystem, and continues with 
discussions of the detailed hardware design information needed to implement system designs using the 
actual iAPX 286 components. 

• Chapter One provides an overview of the iAPX 286 microsystem. 

• Chapter Two describes iAPX 286 system architecture from the viewpoint of the system designer. 
Examples illustrate the many different system conflgurations that are posHUe within this architec- 
ture. Design tradeoffs for the various choices are discussed. 

• Chapter Three discusses the iAPX 286 local bus. Included in this chapter are detailed signal 
descriptions and timing for the 80286 and support components, a discussion of iAPX 286 memory 
and I/O organization, and in-depth discussions of processor and local bus interface guidelines. 

The next four chapters provide the information required to interface memory, peripheral devices, and 
processor extensions to the 80286 microproceKor. 

• Chapter Four discusses techniques for designing memory subsystems for the iAPX 286, and describes 

the effects of wait states on iAPX 286 performance. 

• Chapter Five explains how to interface I/O devices to an iAPX 286 system. 

• Chapter Six describes the interface between the 80286 and the 80287 Numeric Processor Exten- 
sion, which greatly expands the mathranatical prooessrag power of the iAPX 286 microsystem. 
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• Chapter Seven shows how an iAPX 286 system can interface to the IEEE 796 Multibus, Intel's 
multi-master system bus. - ■ . 

• Appendix A contains data sheets for the iAPX 286/10 (80286) microproc^sor, the 80287 Numeric 
Processor Extension, and the various processor support components. 
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INTBQPUCTION 



The iAPX 286 is a new high-performance, VLSI microprocessor system that supports multi-user repro- 
grammable and real-time multi-tasking applications; The iAPX 286 microsystem includes the 80286 
microprocessor, the 80287 prdceisoPektensSiin, atid additional suppoj^' compdnetife. 'Fhe Lfy*X'28^- 
architecture specifies how th^ cpmponents relate to each other, and is the key to the versatUity of 
the iAPX 286 system. ' ■ '-^ ''' " ' ' •• 



The components that make up the iAPX 286 microsystem are designed to work together in modular 
combinations within the overall framework of the LAPX 286 architecture. System functions are distrib- 
uted among specialized components, allowing designers to select an appropriate mix of components to 
fit the needs of their particular target system. This modular structure allows systems .to grow in an 
orderly way to meet new needs, without adding unneeded (^pabilities or excessive cost. 



Table 1-1 lists the components in the iAPX 286 microsystem and describes their functions. 



Table 1-1. IAPX 286 Mieio^stem Components 



,•:■> MIcrppfpefafiMr, V,,/ j, ,. 


. t :.i ■ :.) J, /, -.!;, •P.««C"ptiOH, 


80286 Central Processing Unit (CPU) 

80287 Numeric Processor Extension 
(NPX) 


.1.- J--- V ■ a: . ■ ■■ ■■ 

1 6-bit high pertormance microprocessor with on-chip 
memory management and memory protection 

High-pertormance numeriiiJ|i>w»i|i^tffl>|eaPft6flM 3lP 


Support Component^ _ . , 




8259A Programmat)le Interrupt 
Controller 

8282 Octal Latch (Non-inverting) 

8283 Octal Latch (Inverting) 

32284 Clocit^n^&lor etfkitirtji^ 

828§ Qq^Bytf Jf|!?sc^Mer J ,, . , 
8287 Octal Bus Transceiver (lnvefl|ifis}r. 

-1 82288 Bus Controller 


Provides interrupt control and priority management for the 
CPU 

Latches address and increases drive on address bus 

Latches address for inverted-sense buses like the IEEE 796 
Multibus 

Generates system timing functions, inctotftiiilsy^m eloCk, ' 
RESET, and Ready synchronization ''f'r ^'dt" , ■ 

Increases drive on di^t^ bus 

Buf^s,d«^,IWg,fQr-ii^BV9ltP<$«Pf>^ i^m^9l» <^fiEi?96 
Multibus 

Generates bus command signals 

CotiJrols a^ss of microprocessors to multi-n^ter bus 
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Microprocessors 

At the center of the iAPX 286 microsystem is the 80286 Central Processing Unit (CPU). The 80286 
is a high-performance microprocessor with a 16-bit external data path and up to 16 megabytes of 
directly-addressable physical memory; up to one gigabyte of virtual memory space is available to each 
user. The standard operating speed of the 80286 is 8 MHz; a 6-MHz version of the 80286 is also 
available. , • 



The 80286 opemt«sS:ii|(two m9)^; iL^r^^C^^ 



In Real-Address Mode, the 80286 is fully code-compatible with the iAPX 86 and 88 micro- 
processors. All 8086 and 8088 instructions execute on the 80286 at a mudi faster rate. An 8 MHz 
80286 executes instructions up to six times faster than a S-MHz 8086. 

In Protected Virtual-Address Mode, the 80286 is also compatible with the 8086 instruction set. 
Protected Virtual-Address Mode allows use of I 
ment capabilities and virtual-memory support. 



Protected Virtual-Address Mode allows use of tl^^j^^^'|^^^^g^i^^^^^pctj^||^i^ .iisa^^^ 



The 80287 Numeric Processor Extension is an iAPX 286 processor extension that uses the 80286 to 
fetch instructions and transfer operands. The 80287 extends the numeric processing abilities of the 
80286 to include 8-, 16-, 32-, 64-, and 80-bit integer and floating-point data types and to perform 
common transcendental functions. The 80287 is compatible with the proposed IEEE 754 Floating- 
Point Standard. 



Interrupt Controller 

Interrupt management for an iAPX 286 system is provided by the 8259A Programmable Interrupt 
Controller. Interrupts from up to eight sources are accepted by the 8259A; up to 64 requests can be 
accommodated by cascading several 8259A devices. The 8259A typically resolves priority between 
active interrupts, interrupts the CPU, and passes a code to the CPU to identify the interrupting source. 
Programmable features of this device allow it to be used in a variety of ways to fit the interrupt require- 
ments of the particular system. ~ - 

' ' , hi •!-, l.".=iii!i5;;^Er'.i.."n V ".visr:'' ! 

Bus iriterfac«tJbm|K)iifi^'"3'"--^ 1 r>cH2neix3ic?,-r.-. 

Bus'interface components connect the iAPX 286 processors to memory and peripheral devices. The 
use of these components in a system is based on the requirements of the particular system configuration. 

The 82284 Clock Gen^ator is a bipolar device that generates timing for th& iAPX 286 processors and 
support components. The device supplies the internal clock to the processors and also pro^^des a TTL- 

level half-frequency peripheral clock signal to other devices in the system. The Clock Generator also 
synchronizes RESET and Ready signals for the processors and support devices. 

Addresses and control signals are latched and held by 8282 or 8283 Octal Latches, These latches are 
bipokr devices that satisfy ti^fjbl^'^C ^oii^^ 

The 8286 and 8287 Octal Bus Transceivers are bipolar, high-perfonnance bS=8ffifctioftal data btif¥ets 
that satisfy the high^C and BQ^ii^ Teq^temmUeS larger syste^y: ii f ' ^n- f i ;> : 

The 82288 Bus Controller is an HMOS device that decodes status lines from the 80286 CPU to gener- 
ate bus command signals. These command signals identify and control the bus cycles that are performed. 
The 82288 also prrwidat addrmm tafg^i 4tM b^ffer Wito]-gip»l8 fw the 8282/8283 Ad^jeM 
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Latches and the 8286/8287 Bus Transceivers. The Bus Controller's command outputs provide the high 
AC and DC drive required for large systems, while control inputs allow tailoring of the command 
timing to accommodate a wide variety of timing requirements. 

Access by the LAPX 286 to a multi-master system bus is controlled by the HMOS 82289 Bus Arbiter. 
A multi-master system bus connects memory and peripheral resources that are shared by two or more 
processing elements. Bus Arbiters for each processor can use one of several priority-resolving techniques 
to ensure that only one processor is driving the bus at any given time. The 82289 Bus Arbiter supports 
bus arbitration signals that are fuily-eompatiUe with the IEEE 796 Multibus standard. 
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CHAPTER 2 
iAPX 286 SYSTEM ARCHITECTURE 

1 



The iAPX 286 microsystem supports a very flexible architecture that opens up a wide range of possi- 
biUities fSf System designers. This chapter diiS«rcrtlS^tllfe1?aPX~28S^^BiiraMai^^ 
some of the. possible configurations this architecture supports. 

• The first section of this chapter describes the organization of the iAPX 286 bus. This parallel bus 
structure forms the basis for many of the configuration possibilities of the iAPX 286 architecture. 

• The second section introduces iilemory subsystems for the iAPX 286. Memory is a crucial part of 
every microprocessing system; it is used for the storage ofmx^am instructions and ftK.tlu! holding 

. of processing data and information. 

• The third section discusses the possible I/O configurations of an iAPX 286 system. The iAPX 286 
can directly address a large number of peripheral devices, or alternatively, I/O processing tasks can 
be off-loaded to dedicated processing subsystems. 

• The fourth section introduces the 80287 Numeric Processor Ex^mm awl briefly describes how ' 

the 80287 operates in conjunction with the 80286 CPU. ' 

• The final section of this chapter describes the architectural features of the iAPX 286 microsystem 
which support multi-processing. Multi-processing provides virtually limitless possibilities for increasing 
the performance of iAPX 286 systems through the modular expansion of processing capabilities. 



iAPX 286 BUS ORGANIZATION 

The iAPX 286 system architecture is centered around a parallel bus structure that connects the iAPX 
286 processor to memory and I/O r^urces. Across this bus, the iAPX 286 processor fetches program 
instructions, manipulates stored infonnation, aod interacts with external I/O devices. Figure 2-1 shows i 
this basic iAPX 286 bus architecture. j 



The iAPX 286 architecture contains two types of buses: the local bus and the system bus. 

• The local bus connects the iAPX 286 processor with processor extensions and other processing 
elements. Private memory and I/O devices connect to a buffered version of this local bus, and are 

available only to processing elements residing on the local bus. 

• The system bus connects the iAPX 286 processor to public memory and I/O resources. These public 
resources are typically sharedm^g'^e iAPX 286 proce^r andc^tuBi: busi masters that also connect. 

to the system bus, , ,:-:oo?l'-.'<:- ■ • -.j.. - ; : J ).- ;.;:0' ' Js:' i,. 

Specialized bus interface components connect the iAPX 286 local bus to both the buffered local bus 
and the system bus. These interface components process the signals that come from the iAPX 286 
local bus and generate appropriate signals for me on the buffravd local btt^ot' tib^ t){A>Ii^^ii^i><is.' 



The iAPX 286 Local Bus 

The iAPX 286 local bus is formed from the signals generated by the 80286 CPU. These signals include 
addiiess, data, and control or f^tus information that directs the operation of the locajl bus- All 
iAPX 286 systems have at least one local bus «»Mitaining the 80286 CFU. .^uV : .^,1' | . ,., 
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Figure 2-1. Representative iAPX 286 System 



The 80286 provides on-chip arbitration logic and external control signals that allow it to share the local 
bus with other processing elements. Examples of other processing elements that connect to the local 
bus are processor extensions. Direct Memory Access (DMA) devices, or other specialized processors. 
These arbitration functions provide a cost-effective way to structure a small, multi-processing system, 
since the same bus interface components are shared by all of the^'OCessing elements on the local bus. 
Additional arbitration logic is not required for additional processors on the local bus. 

• r'H;" X'(A; •■:oprroc) atnan'Xicnc/o aC'fh -r.i b\ , 

The Buffered Local Bus . , f*f-^ '^^^l^™ ' ' ' ' ' 

A buffered local bus is just that: a buffered version of the iAPX 286 local bus which contains private 
memory and I/O resources that are accessible only to processors on that local bus. All but the smallest 
of iAPX 286 systems contain a buffered version of the local bus. Since the buffered local bus takes 
full advantage of the iAPX 286 local bus timing, and since the iAPX 286 processor does not have to 
contend with other system processing elements for the use of these resources, the maximum system 
performance is typically obtained when the iAPX 286 is executing programs from memory that resides 
on this buffered local bus. J'i^ HHtOis orii •:rir,i..^'no3 *uri -no .ubsI ii: yv li >.,it,^v? '-.y .■ 'i • 
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The System Bus ^ 

The system bus, like the buffered local bus, is composed of buffered versions of the local bus signals. 
Unlike a buffered local bus, however, the public system bus connects memory and I/O resources tha(t 
> are shared among processors belonging to more than one local bus. , 

By providing easy shared access to processing resources on the system bus-, the public system bus allo>^ 
multi-processor i systems to communicate among themselves and to avoid a yeidjess duplication 



resources. 



Bus Interface Groups 



I 



Specialized bus int^iface coniponents are used to translate the iAPX 286 local bus signals onto the 
buffered bus connect the iAPX 286 loial Wtto efther a buffered local bus or to a public system 
bus. ' I 



These bus interface components include the 82288 Bus Controller, 8282 and 8283 Octal Address 
Latches, 8286 and 8287 Octal Bus Transceivers, and the 82289 Bus Arbiter. These components can be 
mixed and matched as required to connect the 80286 to buffered local or system buses. In fact, the 
modular nature of the iAPX 286 bus structure allows as many local and system buses as required by 
the target system. i i . j 



Figure 2-2 shov/& an example of an 80286 connected to a multi-master (more than one processor) public 
system bus. Address latch^M^-dBiUt^ transceivers transfer the local bus address and data onto tte 
system bus, respectively. The 82188 Bus Controller translates the 80286 local bus signals to provide 
the system bus command signals. The 82289 Bus Arbiter provides the arbitration and control-Auictioiis 
necessary to ensure that only one master has control of the system bus at any given time. 

Figure 2-3 shows an iAPX 286 connected to both a multi-master system bus and to a buffered local 
bus. Separate Bus Controllers, address latches, and data transceivers are used to implement each of 
the two bus interfaces. No Bus Arbiter is required for the bufi^red local bus interface, because the 
: 80286 has exclusive control of the buffered local bus. ^ 

In a system having more than one bus, address decoders typically select which of the available buses 
is being requested when the iAPX 286 performs a bus operation. The appropriate Bus Controller and 
^ Qus A,rbiter, if any, are activated and the iAPX 286 bus operation continues to completion. ^ 

Chapter Three describes the operation of the iAPX 286 local bus in more detail. Chapter Seven discusses 
the considerations for designing interfaces between the iAPX 286 and a public system bus. 

The f9jl9>yipg secticjns prpyide a c|o^«y lopjc at some of the configuration possibilities for iAPX 286 
s^tems. ' " ■ ' " ' " ' ' '■ " 



JM^n^l^fjty $MBSYSTEMS FOR THE iAPX 286 

An iAPX 286 processor operating in Protected Virtual-Address mode can directly address as niuch as 
16 megabytes of physical memory. This large physical address space can be segmented into a number 
of separate memory subsystems, with each having different characteristics and functions, but all memory 
subsystems being diMi(»fy%«e«isiMi»'bjr'ltk^J^Xi^-<|(te«ia»e^ tx-U'i .eud m^.-'y^ otidnq r, no • 
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Figure 2-2. JAPX 286 (^n Mi^W-Mastor^S^^ 

Individual memory systems for the iAPX 286 can be configured either as local memory, accessible by 
an 80286 and other processors on a single local bus, or as system memdiy, to be shared by miiMple 
independent processors each having their own local bus: ' ' ' ' ' 

• Local memory resides on a buffered local bus and is available to processors on that local bus only. 

■ ,1 .- ' 

• System memory resides on a public system biis and is available to all processors that interface to 
the public bus. 

• A third alternative that combines the advantages of both local and system memory is to configure 
. the same memory to be accessible both as. local memory from a local bus, and as system memory 

from a public system bus. Such a «EK««e^«4q)«MCi^l^Qalte4t« 
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Figure 2-3. iAPX 286 With Botii Locai and System Buses 



■fic'lAPX 286 architepture allows any of these configurations to be used in a single system; the use of 
one or all memory approaches depends on the needs of the target system. 

Typical iAPX 286 systems will use some combination of both local and system memory (the system in 
Figure 1-1 shows both). In systems configured with memory on both the buffered local bus and the 
system bus, the selection of which bus is accessed during a given memory operation is based on the 
memory or I/O address. Figure 2-4 shows an example memory and I/O address map for the 
iAPX 286 system shown in Hgure 2-1. '''Ov-i rious lol fnsj^vaduz fiomaw 'tjettqafc a %riiu jrn 
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Figure 2-4. Representative MPX 286 System Memory Map 



;Local Memofy 



I 



Local memory provides a processor with private memory space that is not acce^siblWto oth^r processors 
(except those that share the processor's local bus). This physical isolation q| nknwp«eas can assur^ 
program and data security in high-reliability multi-processor systems. ' 



The use of local memory can maxiniize ^tem throughput in sev^^ ways: ^ 

• Local memory permits the 80286 to take advantage of its pipelined address timing, making the 
most efflcient use of the bus and performing memory opeiMt^ in the least ix)ssible time. 

• Since the local memory is not shared with other processors, no access delays are incurred, whereas 
access delays usually happen when several processors contend for use of the same resources. 

• In systems where several processors each have their own private memory space, multiple tasks can 
execute in parallel because each processor is fetching instructions on a separate data path. 



The tradeoffs associated with using local memory in multi-processor systems include the cost of imple- 
menting a separate memory sub^tem tor «ich processor. f ^ f,j ^v,, j;i:<A dr..: 
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System memory provides a shared memory space that can be accessed by all processors connected to 
^ public system bus. This shared memory allows multiple processors to communicate with one another 
|uid efficiently pass blocks of data b^we^ their aepamte tasks. 

i 

Shared system memory is often a cost-effective alternative to using local memory vrtiai individual 
processors may occasionally require a relatively large^physical memory space. Since the same memory 
is shared between multiple processors, the total system^ost-ean be considerably less than if local memory 
jFor each processor were sized4o accommodate thdr largest re^wc^ve memory requirements. 

Since system memory typically can be expanded simply by installing addituinal memory boards, this 
bodular flexibility makes system memory attractive for many applications. , , I 

The tradeoffs associated with using shared system memory instead of local memory in multi-processor 
systems incl\jdejhe_fact that access to system mgmgry qiay be slower than access to local memory 
because processors must contend witli 'eacfa other for'aic^^ to the^tem bus. t 

When several processors require use of the same memory resources at the same time, memory access 
jtime (and therefore system throu^pitt) can be significantly reduced. 

tEbe. risk Qfjdlatax»rmptionjnth...^cst0a. great£r..ia.sy8l3i^.lbaUisg.fittier,pri3c^sod 
along with an iAPX 286 because^s^i^ocess^ can possibly ^cppfwrite data l^ing used by anoth^ 
proces»)r. Software protocols usually c&n avoid this problem, however. 



Dual-Port Memory 

Dual-port memory is a single memory subsystem that combines many of the advantages of both local 
knd system memory. Dual-port memory appears both as local memory to processors on a single locai 
bus, and as system memory to ot her processors in the system. F igure 2-5 shows an iAPX 286 systenj 
Uiat uses dual-port memory.^ ^ ^-^^ ■ ~ ' 

Dual-port memory permits the local processor to have high-speed access to the dual-port memory without 
tying up the public system bus. In this way, iAPX 286 systems can access the dual-port memory as 
local cache memory without affecting other processors using other system resources on the system bus^ 



The dual-port memory is also accessible by other processors using the system bus, providing a shared 
memory space that can be used for inter-processor communications or other functions. 

jif necessary, address-mapping circuitry can make the memory appear in different address ranges for 
local and system bus processors. Address-mapping can also be used to permit other system processors 
access to only a portion of the dual-port msmwy, re torvii^ portife s of the memory array for exclusive 
use by the local processor. 

Offsetting these advantages is the fact that dual-port memory typically is more complex than a (singles 
port) local or system memory subsystem. Dual-port memories require arbitration logic to ensure that 
only one of the two buses serving the memory can gain access at one time. Figure 2-6 gives a visualiz- 
atiffli of this arbitration requiieneBt, Fortunately, the Intel 8207 Advanced Dynamic RAM Controller 
(ADRC) greatly MmpMflcgiiiiigmS F i i ii ll yat ttifMBQty 's^apttttfc. .^i aiu«(-« 
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Figure 2-6. .fthlflrtteMi jsoateif Qto^ Bwil'Bultilimrtnt'^ ; a 
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The 8207 Advanced Dynamic RAM Controller is a high-performance dynamic RAM controller designed 
to easily interface 16K, 64K, and 265K dynamic RAM devices to microprocessor systems. On-ohip 
arbitration and synchronization logic implements the dual-port function, allowing two different buses 
to independently access the RAM array. The 8207 DRAM controller has a synchronous mode of opera- 
tion that specifically supports the 80286 processor. e ,v<.:-rr£VeFIV« T; 1 

]|y c^pjbining RAM control and dual-port arbitration functions on a single chip, the ^DRC 
provides an easy way to implement dual-port memory in an iAPX 286 system. Figure 2-7 ^hoWs an 
8207-based duat^ibrt ftifem^ ^ M fe y^ttM connected to an iAPX 286 subsystem and a Multibus system 
bus interface. 



The advantages of dual-port memories, described above, make dual-port memory a more effective 
choice for multi-processor applicatipns where using strictly local or system memory would significantly 
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impact system cost and/or performance. Chapter Four describes the design of memory subsystems for 
he iAPX 286 in more detail. 

I/O SUBSYSTEMS FOR THE IAPX 286 



The iAPX 286 processor can directly address as many as 32,768 16-bit I/O devices, or 65,536 8-bit 
I/O devices, or combinations of the two. this large I/O addijji^jgp^yi&,|^j^^|p^ily separate from the 
memory address space, as shown previously in Figure 2-4. 



In addition to accessing individual peripheral devices, an iAPX 286 system that requires extensive 
I/O capability can offload its I/O processing tasks to one or more dedicated, independent processors. 
An independent processor is one that executes an instruction stream separate from the 80286 CPU. 
Examples of independent processors include the 8086 and 8088 C^lTs, the 8089 Input/Output Proces- 
«», and-the-8Ql-86-Hi^ lat^ ra tio a Microproc esa o ft ~ — — . 



An independent processor typically executes out of its own local memory and uses shared or dual-port 
memory for communicating with tJie 80286. Since the 8207 ADRC is compatible with both the 80286 
and the independent processors already mentioned, it is ideal t&c implemoiting this type of 1/0 
subsystem. 



Figure 2-8 shows an iAPX 286 system that includes such an I /O subsystem. The subsystem consists of 
either an 80186 or an 8086 CPU and 8089 TOP. For the second case, the 8089 is local to the 8086. For 
both cases, the processors are isolated from the 80286. Inter-processor communication between the 
80286 and eitfa^^^ lS6 or 8086/8089 i| p^i^ned through the 8207-controUed dual-port m^o^.^ 

This configuration protects the resources of each processing module from the other. The private memory 
and I/O space of the I/O subsystem is protected from the 80286 CPU; the private memory space of 
: the 80286 is protected from incursion by the I/O i 



When this level of protection is not required, the 80286 and the I/O subsystem may be configured oa 
the same system bus. This type of multi-processing spt^ is described later in this chapter, along with 
other types of multi-processing systems. Chapter Five describes the design of I/O subsystems for the 
; iAPX ;|86 in more detail. 



PROCESSOR EXTENSIONS 



1 V, ^-1 



A processor extension such as the 80287 Numeric Processor Extension (NPX) is a specialized proces- 
sor that obtains its instructions from the 80286 CPU. By performing high-precision numeric instruc- 
tions in parallel with the 80286 CPU, the 80287 extends the instruction set available to the 80286 and 
greatly increases the performance of the iAP^ 286/20 system ov«- that of an IAPX 286/10 (80286 
processor wlBdiinic 80287 prbwsMr exte^ ' 



The 80287 monitors instructions fetched by the 80286 and automatically executes any numeric instruc- 
tions as they are encountered by the 80286. The 80287 uses a special Processor Extension Data Channel 
within the 80286 to request operand fetches and to store the results of operations. Two of the processpr 
extension's signal lines allow the 80287 to indi^te errcn- and status conditions. 



Figure 2-9 shows an 80286 CPU and an 80287 NPX configured on a buffered local bus. Chapter Six 
describes in detail the 6iesi^m^VfmMM^SS^miii'«M^^«M^ Processw Extension. 
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A single 80286 can provide a performance increase of up to 6 times that of a single 8086 CPU. In 
, large systems requiring even greater performance, system throughput can be increased even further by 
employing multiple processors^ By; distributing system functions amo^g multiple processors, significant 
advantagew»P,iKLiSuned: i " 



ized-to perform 




IUSI« 



System tasks can be allocated to special-purpose processors wj^ 
those tasks simply and efficiently. 

Very high levels of pe^sroHHiee-^an be attained when multiple processor execui 

(parallel processing). 

System reliability can be improved by isolating system functions so that a failure or error which 
occurs ittoneLpart of th^ system has^timited effect on the res^ of the system. I 

Multi-pr6<»«ing promotes partitioning the system into modules, breaking system development into 
more manageable tasks and permitting the parallel development of subsystems. Partitioning also 
helps to isolate the effe<^of system modifications to a specific nM)dule.| j j ! 



' Designers of multi-processing systems typically have been faced with the twO classic problems whenev^ 
more than one processor shares a common bus: bus arbitration and mutual exclusion. The lAPX 28 S 
system architecture provides built-in solutions that virtually eliminate these problems. 

1 I I - -J 



Bus Arbitration 

Bus arbitration is the means Whereby one processing element gains control of a shared common bus 
from another processing element. In an iAPX 286 system, this shared bus may be either the iAPX 286 
local bt>s (if more than one processor is configured on the local bus), or a public system bus that is 
-^red betwera-aniltifrie processing elements. Bus arbitration for the control of the local-bus-is^s^cmBeD 
directly by the 80286 CPUs4f^4te:«(»M'«ri^« bwi,' specialized support devices are 

used to provide the arbitration function. 



At the local bus level, the 80286 provides bus arbitration through its on-chip arbitration logic and 
control signals. Two control signals, called HOLD and HLDA (hold and hold acknowledge), are provided, 
and are typically used with dedicated bus masters such as a Direct Memory Access (DMA) Controller. 



Figure 2-10 shows an 80286 configured with a DMA controller on the local bus. The DMA controller 
requests control of the local bus by asserting the HOLD signal to the 80286. The CPU responds by 

relinquishing control of the bus and sending the controller an acknowledge signal (HLDA). The 82257 
Advanced DMA Controller, a high-performance DMA controller specifically designed to support the 
80284 loisyi bus (psratacdsi0«diy^fl^^ m 

At the system bus level, bus arbitration for iAPX 286 systems typically is performed by the 82289 Bus 
Arbiter. The^'Bitt Arbiter cwnects to tbe 80286 CPU and contro]siAPX286 access to a multi-master 
system biis sucfa as the IEEE 7% Multibus. The 82289 supports a number 'of techniques for resolving 

requests from multiple masters on the system bus, including both serial and parallel priority resolution. 
Each iAPX 286 subsystem connected to the public system bus has its own Bus Arbiter. 



For other (non-80286) processors connected to the public system bus, the 8289 Bus Arbiter provides 
the necessary bus arbitration functions. The 8289 Bus Arbiter supports the 8086 and 8088 CPU's, the 
80186 High I^MSg^Mion MiGrDpsaiSiets<iit',-aiui the 8089 Input/Output Pcoeess^. The 8289 iBus:.Ai^ter 
is compatible with the %22!^bapeadSLSi-si^i!^i^saM'1k&.Mi^^ .-xji 
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Figure 2-10. 80286 With DMA Controller 

Figure 2-1 1 illustrates the use of the 82289 Bus Arbiter in implementing a system bus intei:(acc..,iAPX 
286 designs using the 82289 Bus Arbiter are described in greater detail in Chapter Seven. 



Mutual Exclusion 



Mutttal exclusioii i$ a property of a shared resource which assures that, only oae ^loo^sii^ element 
^uses the resouter at'^e time. ^pioalljF, mmi^ «»;lusion means that ane^pfodessor ability . to 

prevent other processing elements from accessing J iMI4^:iifiiiSiTO6 )^iiih«ja#jto»iBiH) .uedtilstfae pir-o^lBS- 
sor has flnished using the resource. 



In many cases, mutual exclusion can be accomplished in software through the use of semaphores. In 
other cases, however, such as when several memory operations must be completed as a unit, support 
for mutual excIu»on must be provided iniiaalwa ie. The i ABX Zi^mmaasysism provides bwHi hardware 
support for mul3njttekdaMonr^th«Oiigdiitiie80S£S6/LOi^nsipiak h-ytttmi-^ m'^i-yr /M . 

The 80286 LOCK signal is activated automatically during specific CPU operations, or explicitly through 
use of the ASM-286 LOCK prefix instruction, to prevent other processors from accessing a shared 
resource. The CPU operations which assert an active LOCK signal include interrupt-acknowledge 
sequences, the ASM-286 X^i@riiaMttl^M.3aad;^e8^a^^ sri: i - ^ : ! r^i .- ; . 
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Figure 2-11. 80286 on the MULTIBUS® Interface 

.!i'«od« Jon 3"iB i^inynoqno'j y, ; 't.ni' < ,;i 

The 82289 B us Arbi ter and 8207 Advanced Dynamic RAM Controller both have inputs that connect 
to the 80286 LOCK signal. When its Lock input is active, the Bus Arbiter will not relinquish control 
of the system bus, preventin g other s ystem processop( frqin usiojg.thc sys^^ ibu^. In a dual-port memory 



subsysteiri» the.82Q7 ADRC^^OC^ i^put restricts n^n^Q^.a;C(^.j|^ ai^i^^j^pcessor and so prevents 
otber processorelTrom alterinigWmory. I>ublic systeiii^uses suck as tnelEi^ 796 Multibus define a 
similar LOCK signal, which is used to restrict access to the system bus resources. 



The ability to exclude other processors from si ihitt^f§scm»ifPMi^eSn^UaU9m&i6>^t&iMe^i^^ 
level of performance and integrity in an iAPX 286 system. F or exam ple, context switching and descrip- 
'tor-tiitafe loading can be performed quickly and safely by LOCKing the transfer sequence because 
delays due to bus contention on the system bus are minimized and all data is protected from other 
processors until the sequence is complete. Interrupt responses, semaphore accesses, and LOCKed data 
transfers «».>ai»0(iia»tis»idMEey(ri3iiaiftjEuaS)^i][Sl^^ 'ftomsm noq-lsab A .normm .r^joi 
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, The use of the LOCK signal with both a public system bus and a dual-port memory subsystem is 
' described in peater detail in Chapter Seven. I 



Hot- 



using the iAPX 286 with the IEEE 796 MULTIBUS® - i j 

The Intel Multibus (IEEE ^96 Standard) is an example ^a. proven, industry-standard system bus that 
specifically supports multi-processing, and is well-tailored for iAPX 286 systems. A wide variety of 
Multibus-compatible I/O subsystems, memory subsystems, general-purpose processing boards, and 
dedicated-function boards are available from Intel and a-xari^^fjQLf^hfifjnanufacturers to speed produ^ 
development while ensuring bus-level compatibility. 

The job of interfacing an iAPX 286 suba^tstQd to the Multibus is made relatively simple by usiqg 
several Intel components ^eciaUy suited forf handling the Multibus protocols. These btas interface 
• components aire the same components described previously, and include: 



The 82288 Bus Controller 
The 82289 Bus Arbiter 

8287 Inverting Data Transceivers ■ 

8283 Inverting Latches | 

The S25SA Piiogrammable latsirupt.lbQntrQller 



t-iir 



These devices are functionally and electrically compatible with the Multibus specifications. Figure 
2-1 1 shows how these components interconnect to interface the 80286 to the Multibus public system 
bus. Chapter Seven describes in greater detail how these components can be used to provide a Multibus 
interface for an iAPX 286 subsystem. ; „o 



J 



A Muiti-Processtng Di^prrE3QHiqsiS~ 



Dedicated 1/6 subsystems as well as other multi-processing design techniques described in this chapter 
can be used to construct multi-proc^ng systems that vary widely in function and complexity. Each 
processor module in the system can be optimized to perform its portion of the system task. 



Figure 2-12 shows a system that distributes functions among several processor modules. For simplicity, 
bus interface components are not shown. 

The supervisor module consists of a single 80286 CPU and local memory. The supervisor controls the 
system, primarily responding to interrupts and dispatching tasks to the other modules. The supervisor 
executes code out of local memory that is inaccessible to the other processors in the system. System 
memory, accessible to all at the pro<:«^sor$ qpnnected tb th^ pubU'c'^stenl bus, is jised for messages 
and common buffers. ' ' ' " ' ' ' - -' i f; i ■ v .■^•.•,'9'%">r- 

Each graphics module supports a graphics CRT terminal and contains an 80286 CPU and 80287 NPX 

rl^^X23^/20;f^Qli^raUM)el9Pl^menmy>^ irv»r;5,nn Tsrlfo oL :: t • / I 

The database module is responsible for maintaining all system files; it consists of an 80286 CPU with 
an iAPX 86/11 (8086 CPU and 8089 lOP) subsystem that controls the actual storage devices. Both 
the iAPX 286/10 processor and the iAPX 86/11 subsystem in the database module have their own 
local memory. A dual-port memory coane^tntltii^ii^i^K ISfi^lOttffjtbidtebByiUMiirtx^BonK : o '■- 
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Figure 2-12. IAPX 286 Design Exmipto 
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CHAPTER 3 ^ 
THE iApX 286 LOCAL BUS 

aonmrnotiaq im3 ssunijtam oi IsKsifin ni sh Tino jiinti ^Loi «fi 



The iAPX 286 local bus connects the 80286 processor to memory and peripheral devices, and forms 
the backbone of any iAPX 286 system. This chapter introduces the 80286 processor and describes the 
operation of the iAPX 286 local bus: 

• The first sectioft of this chapter introduces the 80286 pto^sor. The four internal 'ii)ro($<Mj^'bnitt' 
that make up the 80286 processor are described, as are the two operating modes of the 80286. 



i // 



The second section introduces the iAPX 286 local bus, .an4 gives an overview of the principles^used 
by the 80286 in managing resources on the local bus: 

■ — The organization of the bus is described first, covering memory addressing, I/O, and interrupts. 

■:>tr 

— The timing of the local bus is described, starting with a description of the local bus states, 
describing the 80286 bus operations that are composed of two or more bus states, and finally 
describing the way in which the 80286 uses the various bus operations. 

■"- Finally, specific bus interface cQM^jae^g^igtrg^ g^ 

286 local bus systems. Two of these unemce components include t 

and the 82288 Bus Controller. 

The third section contains specific design information on generating timing for an iAPX 286 local 
bus, using the 82284 Cloc k Genera tor. The generation of the tlu;^p^iiai4et;tiniBgi9^u^'(tber 
system CLK, RESET, and READY) is described in detail. 

The fourth section describes how to generate iAPX 286 local bus control signals using the 82288 
Bus Controller. 

The fifth section describes additional design alternatives concerning the connecticm of memory, ! 
I/O, and other devices to the local bus. These design considerations include: 

— Address decoding and data buffering. 

— Connecting other bus masters to th e local b us. _ 

— Initializing the 80286. 



Detailed local ^S jti^iii^ 



i '^'^ysical design cond98i£Qons including layou^, packaging, power and ground connections. i 

• I Finally, the last section of this chapter introduces the iLBX bus, a high-performance local bus 
\ standard to allow the modular expansion of the iAPX 286 local bus onto multiple boards. 



INTRODUCTION TO THE 8p2£|6 QENTRAL PROCES: 



The 80286 Central Processing Unit (CPU) is an advanced, high-performance 16-bit microprocessor 
that is optimized for use in multiple-user and multi-tasking systems. The 80286 has built-in memory 
management and protection capabilities which permit operating system and task isolation as well as 
Ingram and data isolation within tasks. In addition, a highly-efficient pipeline architecture in both the 
cil!lI..M£ilLan(LiaJthe localJius.-ptQtoa)ls. serYea, tojaarimize iAPX ?.86-aystfim-thrniiehput..afldJ 
performance, while minimizi^g^s^B^aP lummii WBro ^:W<nipiiremcnts. 
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Processor Architecture 

As shown in Figure 3-1, the pipelined 80286 architecture consists of four independent processing units; 
these four units operate in parallel to maximize CPU performance. 



THE BUS UNIT 



The Bus Unit (BU) performs all bus operations for the CPU, generate the address, data, and conmiai4 
signals required to access external memory and I/O. The Bus Unit also controls the interface to proces- 
sor extensions and other local bus masters. Most of the local bus signals interface directly to the BU. • 

When not performing other bus duties, the Bus Unit "looks ahead" and pre-fetches instructions from 
memory. When prefetching, the Bus Unit assumes that program execution proceeds sequentially; that 
is, the next instruction follows the preceding one in inemory. When the prefetcher reaches the limit of 
thj; c<M^e segment, it stops prefetching in^t|i^ctipns. Uf a p^Qgram transfer causes execution to continue 
from a hew program location, the Bus Unit resets the queue and immediately begins fetching instruc- 
tionsfrom the>oeiw^|)in>j^afl»ikpatiaBt nii>< : i ^ ir r. ^ .1 :> 

The Bus Unit stores these instructions in a 6-byte prefetch queue to be used later by the Instruction 
Unit. By prefetching instructions, the BU eliminates the idle time that can occur when the CPU must 

THE INSTRUCTION UNIT 



The Instruction Unit (lU) receives instructions from the prefetch queue, decodes them, and places 
these fully-decoded instructions into a 3-deep instruction queue for Use by the Execution Unit. 
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THE EXECUTION UNIT 



us Umt to penorm data transfers to or from memory and I/O. 
THE M>I>RESS UNIT ^ 



TKc EU Mcs'fhe rius 



The Address Unit (AU) provides the memory management and protection services for the CPU and 
translates logical addresses into physical addresses for use by the Bus Unit. A register cache in the AU 
contains the information used to perform the various memory translation and protection checks for 
each bus cycle. 

THE EFFECTS OF PIPELINING 



The four 80286 processing units operate independently and in parallel with one another, overlapping 
instruction fetches, decoding, and execution to maximize processor throughput and bus utilization. 
Figure 3-2 shows how this pipelined architecture results in substantially increased performance relative 
to a processor that fetches and executes instructions sequentially. 
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luft^J^A. #op pi;o96$sor operates in^e ol'two'nKi^^riXpX 86 Real-Address mode, and Protected 
viirtuaJ-Addifi^ ihodc. In both modes, the iAPX 286 executes a superset of the iAPX 86 instruction 

set. ' ' f ■ ' 



In iAPX 86 Real-Address mode, the 80286 addresses up to one megabyte of address space using a 
twenty-bit physical address. In Protected Virtual-Address mode, programs executing on the 80286 can 
address up to a gigabyte of virtual address space, which the 80286 automatically maps into 16 megabytes 
of physical address space using a twenty-four-bit physical address. 

Ftqin^ ^hardware standpoint, ^l^i^ <mgis^twg differ only in tlial|h^ w|^e|:;four address lines 
(A23 tiirough A20) must be ignor^'wnen tne iAPX 286 is operating in Real-Address mode, and must 
be decoded along wi± the other address liiKS when the iAPX 286 is q)raating in Protected Virtual- 
Address mode. 

OMIV«!.l3°'T =10 ""-I -S H- ^'i' 

The 80286 Bus Interface 

The :8Q286>CI>tJ icQonBets csOeimldnemofy, ifQu tagi Q^er:4evi<Sss iusu^at>arallel bus iafecfaee. 
This bus interfac^consists oim QAMX address bus; a separate ifi'bit data bus, and a number df control 
and status lines to control the transfer (^Information across tibe biis.i Taken together, and with additional 
control signals derived from this basic set, these address, data, and control signals form the basis for 

the iAPX 286 local bus. 



Four status signals from the 80286 are used to control the operation of the local bus: the COD/INTA, 
M/ID, ST, and 50 signals. These signals are unlatched and are only valid through the first half of each 
bus cycle. Table 3-1 shows the decoding of these status lines to identify the current bus cycle. Status . 
combinations not shown in the table are r^eryedand wiU not beencountered m^ijmX operation. $ 

Additional control signals, along with onrchip^rbitration logic, allow the 80286 to support processor 
extensions and other local bus msilers. The^ sig^lS for ''handsbakiiig'V^vi^ other biis masters are 
controlled by.the- &0286 Bus Unit, Stanoaitd JiOI^D». IHJDA pwat^ool-is. jiia»iMii» ^thet* bus masters, 
while special processor extension request and acbiowledge signals are used to support processor < 

extensions. 



An ERROR signal from a processor extension inputs directly into the 80286 Execution Unit as do the 
maskable (INTR)- and -non-marble (NMI) interrupt signals. The BUSY signal from a processor 
tension indicates th^proce^^ejitc»SM|i $1^^^0(1)16 j80|86.^IJie ^^^^ ^ >p^^ignals affect 



Table 3-1. 80286 Bus Cycle Status Decoding 



SI 



SO 



COD/INTA 



M/IO 



Bus Cycle Initiated 



L 
L 

L 
L 

L 

H 
H 



L 
L 

H 
H 
H 

L 
L 



L 
L 

L 
H 
H 



L 
H 

H 
L 
H 



Interrupt Acknowledge 
If A1=1 then Halt; 
else Shutdow/n 

Memory Data Read 

I/O Data Read 

Memory Instruction Read 



L H Memory Data Write 

H t. I/O Data Write - 
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the 80286 processor as a whole; these signals do not interface to the device through a specific process- 
ing unit. A complete description of the 80286 pn connections can be found in the Appendices. 

The following sections describe the iAPX 286 local bus interface in greater detail. First, an overview 
of the iAPX 286 local bus is given, explaining the relevant concepts and relationships that are involved. 
This general description is followed by a discussion of specific issues that must be considered when 
designing an iAPX 286 system. j | 

1 ' '. 

i ! 

\JOCM- BUS OVERVIEW 

The iAPX 286 local bus connects memory and I/O resources to the 80286 processor, using 24 separate 
address lines, 1 6 data lines, and a number of status and control signals. Together, these address, data, 
and control signals allow the 80286 processor to fetch and execute instructions, to manipulate infor- 
mation from both memory and I /O devices, and to respond to interrupts, processor extension requests^ 
and requests from other bus masters. 

■ i 

In many respects, the prindples and protocols used in the iAPX 286 local bus are similar to those 
commonly used in other parallel bus systems. In some respects, however, the iAPX 286 local bus is a 
high-performance bus that differs somewhat from typical bus patterns. The following sections describe 
how the iAPX 286 local bus is organized and how it operates to assure the efficient transmission of 
Information between all of the devices_on the^us. 

Organization of Physical Meinocy^andi/O 

The principal use of the local bus is to connect the iAPX 286 processor to memory and I/O devices. 
When operating in Real-Address mode, the iAPX 286 can directly address up to 1 megabyte of physi- 
cal memory, while in Protected Virtual-Address mode, the iAPX 286 can address up to 16 megabytes 
of physical memory. These two operating modes of the 80286 have already been described. Except for 
the differences in memory size, the organization of memory and I/O is identical for both Real-Address 
mode and Protected Virtual-Address mode. | 

In addition to its memory-addressing capabilities, the iAPX 286 can also directly address up to 65,536 
8-bit I/O ports or up to 32,768 16-bit I/O ports mapped into a separate I/O address space, in either 
operating mode. Figure 3-3 illustrates these separate memory and I/O address spaces. > 

MEMORY ORGANIZATION \ 

The programmer views the memory address space of the iAPX 286 as a sequence of (8-bit) bytes in 
which any byte may contain an 8-bit data element and any two consecutive bytes may contain a 16-bit 
(word) data element. Both byte and word information can be assigned to either even or odd addresses — - 
there is no eonstrsnnt On word boiMtdari^'' - ■ ^ > * • * j 

As shown in Figure 3-4, the address space is physically implemented on a 16-bit data bus by dividing 
the address space into two banks of up to SI 2K bytes (in Real-Address mode) or 8 Mbytes (in Protected 
mode). The lower half of the data bus (D7-D0) is connected to one bank of memory, and accesses even- 
addressed bytes (A0=0). The upper half of the data bus (D15-D8) connect s to th e other bank and 
eontaifis odd-addressed bytes (A0= l-)t-Address line AO and Bus High Enable (BHE) enable the appro- 
priate banks of memory, wiiB<aaiPt«tai<riijr«ddreal^^ »^p»icMic byte within each bank. 
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Figure .3-3. Separate Memory and I/O Spaces 
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(When operating in Real-Address mode, address lines A23-A20 should be ignored, and address lines 
A19-A1 select the specific byte.) • i. 

TodpeifiiitB! liyte! tianrfcrs to even addresses (Figure 3-5A), the CPU transfers information over the 
lower half of the data bus (I>7-;D0). AO enables the b ank connected to the lower half of the data bus 
to participate in the transfer. Bus High Enable (BHE active low), disables the bank on the upper half 
of the data bus from participating in the transfer. Disabling the upper bank is necessary to prevent a 
write operation to the lower bank from destroying data in the upper bank. During the transfer, the 
ujpper half of the data bus remains the tri-state.p . 

To perform byte transfers to odd address es (Fi gure 3-5B), the CPU transfers information over the 
upper half of the data bus (D15-D8) while BHE (active low ) enables the upper bank and AO disables 
the lower bank. The lower half of the data bus remains in the tri-«tate OFF condition. 
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byte from an odd-addressed memory location into the CL register (lower half of the CX register) 
illustrates this routing. The data is transferred into the 80286 over the upper half of the data bus, then 
automatically redirected to the lower half of the 80286 internal data path and stored into the CL 
register. This automatic routing ability also allows byte-I/0 transfers between the AL register and 
8-bit I/O devices that are connected to either half of the 16-bit data bus. 



To access even-addressed 1 6 -bit w ords (two consecutive bytes with the least significant byte at an even 
byte address), AQ (low) and BHE (low) enable both banks simultaneously, while the remaining address 
lines select the appropriate byte from each bank. Figure 3-6 illustrates this operation. 

To access 16-bit word data beginning at an odd address, the 80286 automatically performs two byte 
accesses. As shown in Figure 3-7, the least significant byte addressed by the address lines is first trans- 
fefred'dver the upper half of the data bus. The address is then incremented and a:-secoiid~fo3rte transfer- 
is executed, this time over the lower half of the data bus. This two-byte transfer sequence is executed: 
automatically whenever a word transfer is performed to an odd address, with the CPU automatically 
routing the two bytes onto the appropriate halves of the data bus.^ 

When the Bus Unit is prefetching instructions, however, the Bus Unit always performs word fetches 
on even boundaries. If the program transfers control to an odd address, the Bus Unit automatically 
performs a word fetch from the aext4owei; word-boundary, ignoring the lower byte of this first instruc- 
tion fetch. • - -f 
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Figure 3-6. Even-Addressed Word Transfer 
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Figure 3-7. Odd-Addressed Word Trsh'sf 
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The 80286 is capable of interfacing with 8- and 16-bit I/O devices that are mapped into a separate 
64K I/O space (memory-mapped I/O is also supported, and is described in Chapter Six). The iAPX 
286 I/O space is organized as 65,536 8-bit ports or 32,768 16-bit ports or some combination of the two. 

For 8-bit I/O devices, ports on the upper half of the data bus, have odd I/O addresses, while ports on 
the lower half of the data bus have even I/O addresses. To access an 8-bit I/O device, AO and BHE 
select the appropriate half of the data bus, and address lines A15-A1 select one of the 32K I/O addresses. 
Ouring any I/O transfer, address lines A23-A20 are always low. 

Sixteen-bit I/O devices always have even addresses to permit the CPU to select and access the entire 
16-bit port in a single operation. To ac cess a 16-bit I/O device, address lines A15-A1 select the partic- 1 
ular I/O address, while AO and BHE condition the chip select to ensure that a 16-bit transfer is being] 
performed. ; oULirteO elder lotQhoaeO JqoT»«»nl .8-C eioell 
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Interrupt Organization 



The iAPX 286 recognizes a variety of both hardware-generated and software-generated interrupts that 
alter the programmed execution of the 80286. Hardware-generated interrupts occur in response to an 
active inpu t on one of the two 80286 interrupt request pins. Software-generated interrupts occur due 
to an INT instruction or one of several possible instruction exceptions. Software-generated interrupts 
sire described in the iAPX 286 ^rogrtmmer's Reference Manual; they are not described here. 



The two hardware interrupt request inputs to the 80286 consist of a non-maskable interrupt request 
(NMI), and a maskable interrupt request (INTR). The maskable interrupt request INTR can be 
"masked" or ignored by the 80286 under software control, while a non-maskable interrupt request 
l^MI will always invoke a ^espoiis« im&^e 802^^ unt^ a t>rev|0^ NMnnl^rr|ipt has occurred and j 



is being serviced. 



When the iAPX IS^'tthcdvehten anliii^^pt of aiiy iilnd, it autctoiaSically tra^f^rs' program execution ' 

to one of 256 possible interrupt service routines. A table stored in memory contains pointers defining 
the proper interrupt service routine for each interrupt. Once the iAPX 286 has determined the type or 
vector for a particular interrupt (an index into the table corresponding to the appropriate service routine), 
the servicing of software- or hardware-interrupts proceeds identically. Figure 3-8 shows the structure 
of this interrupt descriptor table for an iAPX 286 operating in both Real-Address mode and in Protected j 
Virtual-Address mode. i 
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INTERRUPT PRIORITIES 
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When an interrupt or exception occurs, the iAPX 286 automatically transfers program control to the 
appropriate interrupt service routine, even if the iAPX 286 is in the middle of processing a previous 
interrupt. In this manner, the last interrupt processed is the first one serviced. 

The single exception to this rule is the 80286 treatment of the INTR interrupt input. When operating 
in Real-Address mode, any interrupt or exception automatically causes the 80286 to mask any INTR 
requests for the duration of the interrupt service routine until the occurrence of an IRET instruction, 
or until the service routine explicitly enables INTR interrupts. When the 80286 is operating in Protected' 
mode, the individual task gate for each interrupt service routine specifies whether INTR interrupts are 
to be masked for the duration of the interrupt service routine. 

In the case of simultaneous interrupt or exception requests, the interrupts are processed in the fixed 
order shown in Table 3-2. Interrupt processing involves saving the flags and the retium address, and 
setting CS:IP to point to the first instruction of the.intierrupt ssaiase routine. I£.other interrupt reqassstsi 
remain pending, they are processed befo!» the first instfmction^of' tiie'carfent iBferi-upt handler « 
executed. In this way, the last interrupt processed is the first one serviced. 

To illustrate the information contained in the table, consider what occurs when both '^ii'^I^Nfr' (non-- 
maskable, interrupt) request.aind an INTR (maskable interrupt) request are received simultaneously by 
an'^02B6 operatirig in Real-Address mode. The interrupts are handled in the following order: 

1. ' The NMI interrupt will be processed first, saving the current status and pointing to the first 

instruction of the NMIser^j«*ttfi». '''- ' i .i - . • 

2. The INTR interrupt request will be masked, since the NMI interrupt causes the 80286 t6 mask 
INTR interrupts. 

3. If no other exceptions occur, the NMI interrupt service routine will be executed until it is completed. 

4. After the NMI service routine has completed, an IRET instruction will be executed to exit from 

' the service routine. TSis IS[ETTnstriiction re-eimblra W " ; 

5. If the INTR interrupt request line is still active, the processor will then respond to the interrupt 
I with two interrupt-acknowledge bus cycles, and then proceed to execute the appropriate interrupt 
j service routine. Any subsequent NMI interrupts that occur during the execution of this service 

routine will immediately be serviced before execution of the INTR service routine continues. 

6. Finally, after all interrupts have been serviced, program control will revert to the original inter- 




Table 3-2. Proeessing Order for Simultaneous Interrupts 
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The following sections describe the iAPX 286 system's different responses to. the two hardware-gener- 
ated interrupt requests, NMI and INTR. 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

The non-maskable interrupt request (NMI) input to the 80286 is edge-triggered (on a low-to-high 
transition) and is generally used to signal the CPU of a "cat^trophic" event such as the imminent loss, 
of power, memory error, or bus-parity error. 

Interrupt requests arriving on the NMI pin are latched by the CPU and cannot be disabled. The NMI 
input is asynchronous and, in order to ensure that it is recognized, required to have been low for four 
system clock cycles before the transition and to remain high for a minimum of four additional clock 
cycles. To guarantee that the NMI input is recognized on a particular clock transition, the required 
set-up time for NMI is shown in Figure 3-9. 

Once it is recognized by the 80286, the non-maskable interrupt automatically causes the 80286 CPU 
to transf^icontnii ^ the service roatiw: cqmspoa^g teintatupt type 2; this iiilerrupt vector is 
iMernaHy'sus|^}ie# and generates' nb>e^t7mi'iBtefrif^t'<a^aM«ledgffs^ *' ' v 

The total time required to service an NMI interrupt is determined by several factors. The total process- 
i|^ time includes: , ;.,o tf.-,iv„ : : .r , ; - 

• The time the interrupt was waiting to be recognized. While servicinygiidSii 

'i'Wil, thi^ 80i'8f6 not' 

acknowledge another NMI until an IRET instruction is executed. ■> 

• Additional time allowed for the completion of the instruction currently being executed by the.80286. 

These instructions could be IRET, MUL, or task-switch i|g|@^0^)99^<,i \ .,.,] it; noi;-jiri»-jf 

• Time required for saving the CS, IP, and Flags registers. , ^ 

• Any time required by the interrupt service routine to save the contents of additional registers not 
automadcaUy saved by the 80j?8^ . , 
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Since the NMI interrupt will be recognized only on an instruction boundary, the time required for the 
CPU to recognize the request (interrupt latency) depends on how many clock periods remain in the 
execution of the current instruction. 

On the average, the longest latency can occur.ilLjhe interrupt request arrives while task-switch is being 
executed in Protected mode. Other instructions resulting in long interrupt latencies are multiplications 
and divisions. In the case of an instruction that loads the Stack Segment register, the interrupt will not 
be recognized until after the following instruction is executed, to allow loading of the entire stack 
pointer withbut intervening interrupts. I 

While executing an NMI service routine, the 80286 will not service additional NMI interrupts or 
processor extension segment-overrun interrupts until an interrupt return (IRET) instruction is executed 
or the CPU is reset. If an NMI interrupt request occurs while the 80286 is servicing a prior NMI 
request, the occurrence of the second NMI request will be saved and the request will be serviced after 
the CPU executes an IRET instruction. 

During the NMI service routine, an 80286 operating in.Real-Address mode automatically masks any 
INTR interrupt requests. In Protected mode, the NMPsM^ice routine is entered through either an 
interrupt gate or a task gate. The new task context may be defined with INTR interrupts either enabled 
or disabled. To re-enable INTR interrupts during the NMI service routine, the 80286 Interrupt (IF) 
flag can be set true. In any case, the IF flag is automatically restored to its original state when the 
service routine is completed (when the Flags register is restored following the first IRET instruction). 

MASKABI.£^NTEI^UPT^€Wi6T-(^Ti)<,, ' i 

The INTR (Interrupt Request) line allows external devices to interrupt 80286 program execution. 
INTR is usually driven by an Intel 8259A Programmable Interrupt Controller (PIC), which, in turn, 
is connected to devices that require interrupt servicing. ' 

The 8259A is a very flexible device that is controlled by software commands from the 80286 (the 
8259A PIC appears to theCPU'p aiset of I/O ports). Its main job is to accept interrupt requests from 
devices connected to it, ttt d^^aiSiiiife which request has the highest priority, and then activate the 
INTR line to interrupt the CPU and supply an appropriate interrupt vector. 

Figure 3-10 shows a block diagram of a multiple 8259 A subsystem that uses a master interrupt control- 
ler driven by slave interrupt controllers. Chapter Five contains detailed information on interfacing the 
82S9A to as iAPXr286 sys^0W ; . !i 

The INTR input to the 80286 is level-sensitive and can be asynchronous to the system clock. INTR 
must be active for at least two processor clock cycles before the current instruction ends in order to 
interrupt before the next instruction begins. When the 80286's Interrupt Flag (IF) is enabled and the 
INTR signal is driven active high, the 80286 will acknowledge the interrupt on the next instruction 
boundary. To guarantee recognition on a particular clock cycle, INTR must be set-up a minimum of 
20 ns before the start of the clock cycle. INTR should remain active until the first INTA bus cycle to 
guarantee that the CPU responds to the interrupt. Figure 3-9 shows the required timing of the INTR 

input. ' -r;i.j . I" 't : 0, -r! : - -.jti 

The iAPX 286 acknowledges an INTR interrupt request by executing two interrupt-acknowledge 
(INTA) bus cycles (INTA bus cycles are described in a later section). The first INTA cycle signals all 
82'59As that the interrupt request has been honored. During the second INTA cycle, the 8259A with 
the highest-priority interrupt pending responds by placing a byte containing the interrupt type (0-255) 
onto the data bus to be read by. the 80286. This interrupt type must have been previously programmed 
into the 82S9A to correspond to the service routine for the particular device requestii^iseririt^^ 
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Figure 3-10. 8259A PIC Driving 80286 INTR Input 

Following the second INTA cycle, the 80286 automatically transfers control to the interrupt service 

routine corresponding to that particular interrupt " ' ■ ^ ' 

During the interrupt-acknowledge cycles, any bus hold requests arriving via the 80286 HOLD line are 
not honored until the interrupt-acknowledge cycles have been completed. In addition, the CPU activates 
its LOCK signal during the first of these cycles to prevent other bus masters from taking control of 
the bus. 

As for the NMI intei¥upt, the total time required to ser^ee as INlli utt«i)mpe1s deterMi^ by the 
typ£ of instruetit)ti««sed and ho# h»g intemipti^ disabled^ '^eif(>tid-»HF«i(^itiiiKas'V(»aipiised of 
the same elements as describ^kt for the NMI iftterrujit. " ' 

Since INTR requests will be acknowledged only by the 80286 on an instruction boundary, the time 
required for the CPU to recognize the request (interrupt latency) depends on how many clock periods 
remain in the execution of the current instruction. 

The same factors affecting interrupt latency for the NMI interrupt affect the latency of the INTR 
interrupt request. SpeciHc infractions resulting in long interrupt latencies are multiplications, divisions, 
task switchei^ in Protected natode^iei iiitstntetionMhatloaditheiSta^ described for 

the NMI interrupt,.'':':'' -ivpbifcJu.jiUfiq vA -inlivm X'l'is* ^ifj oi !.,::>;;«3--'; . oi .\. . -i.'; ir 
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Pipelined Address Timing 

The iAPX 286 local bus differs most from a typical microprocessor bus in its use of pipelined address 
timing. To achieve high bus throughput, the pipelined address timing used by the iAPX 286 allows 
overlapped bus cycles when accessing memory and I/O. The resulting increase in bus throughput is 
achieved without requiring a proportional increase in memory speed. 

This pipelined timing differs from that of a typical microprocessor bus cycle. During transfers for 
typical processors, an address is transmitted at the start of the bus cycle and held valid during the 
entire cycle. 

Using pipelined timing, the 80286 places the address for the next memory or I/O operation on the bus 
even before the previous bus operation has completed. This overlapping (pipelining) of successive bus 
operaticms permits ^ maximum atddress setup tiiiie before dilta is rtiquired lyf tiiie CFtl^ or memory. 

Figure 3-1 1 illustrates how this address pipelining results in improved bus throughput, even though the 
address and data setup times for individual memory operations are identical for the two examples 
shown. For an 8-MHz iAPX 286 system executing word transfers with zero wait states, data can be 
transferred at the rate of 8 Megabytes per second while still allowing individual address access times 

of 242aS.' i , ,', : r: ; .^-..p if'!') '■■'■'r\^. -,1' ■'..•'r.'h '■ I f "1 . ■.H',,,'- ''-r; 
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In the following sections, the complete iAPX 286 bus cycle is described, and the implementation of 
pipelined timing is shown in greater detail. In a later section of this chapter, specific design consider- 
ations and components are described for building high-performance iAPX 286 systems that take advan- 
tage of this pipelined addtess timing. 

. ,1 IX.W \- ■ . ' . •. r,j..',, ■ _ -.■ : ... 

iAPX 286 Local Bus StflfiM - a> ^ ^ ;h 

The 80286 CPU uses a double-frequency system clock (CLK) to control bus timing. The CPU inter- 
nally divides the system CLK by two to produce the internal processor clock, which determines the 
local bus state. Each processor clock cycle is composed of two system CLK cycles, called Phase 1 and 
Phase 2. The 82284 Clock Generator produces a processor clock output (PCLK) that identifies the 
phase of the interna} .processor clock. Figure 3-12 shows the relationship between the system CLK and 
the processor clock (PCLK). 

The iAPX 286 local bus has three basic states: Idle (Tj), Send-Status (Tj), and Perform-Command 
(Tc). The 80286 CPU also has a fourth state called Hold (T^). A Th state indicates that the 80286 has 
surrendered control of the local bus to another bus master in response to a HOLD request. Each bus 
state is one processo clock long. Figure 3-13 shows the 80286 CPU states and the allowed tnaiisitions. 

The Idle (T;) state indicates that no data transfers are in progress. Tj states typically occur during 
execution of an instruction that does not require a bus cycle (assuming instruction and pre-fetch queues 
are full). A Tj state will also occur before the 80286 relinquishes control of the bus to another bus 
master, entering the T), (Hold) state. ' 

Tj is the first active state after Tj. Tj is signalled by either status line SI or SO from the 80286 going 
low (ST or SO going low also identifies Phase 1 of the processor clock). During Tj, the command 
encoding and data (for a write operation) are available on the 80286 output pins. If the address is not 
already valid prior to entering the Tj state, the address also becomes valid. The 82288 bus controller 
decodes the 80286 status signab to i^nerate JKid/ jMrite-CMBiDi^nds local tran^qeiyer-control signals. 
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Figure 3-13. 80286 States 



After Tj, the perform command (Tj) siBte is enterddv Memory or I/O devices are expected; to respond 
to the bu s operation during Tj, either transfefifing rekd datk to tlie CPU or accepting write data. The 
READY input to the 80286 either terminates the bus cycle or causes the state to be repeated. T(. 
states may be repeated as many times as necessary to assure sufficient time for the memory or I/O 
device to respond. 

Following a Tg state, the bus may enter immediately into a state, beginning another bus operation, 
or may enter the T; (Idle) state. This ability to immediately execute back-to^back bus operations leads 
to high bus utilization and contributes to the iAPX 286's high performance. ' 

if anothei' bus master requests and is granted contr6l of the local T&fe,N!ie 80286 will enter the Tj, 
(Hold) state. If the 80286 is in the T,, state when the fl6LD request is 'received, the bUS will pass 
through one Tj (Idle) state before the 80286 grants control to the requesting bus master. During Hold 
(Tj,), he 80286 floats all address, data, and status output pins, allowing the requesting bus master to 
control the local bus. The 80286 HLDA output signal acknowledges the HOLD request and indicates 
that the CPU has entered the Tj, state. 



iAPX 286 Bus Operations 



The 80286 Bus Unit executes bus operations whenever the Execution Unit requires a bus operation as 
part of an instruction execution, whenever a processor extension requests a bus operation, or when 
sufficient room becomes availablfi in the instruction prejf etch aue\je. When no bus operations are in 
progress or requested, the local remains in the idle si^. iv> i^m 



21076(M)01 



Intel 



Each local bus operation consists of one or more bus cycles. Each bus Cycle tsonsists of one Send-Status 
(Tj) state followed by one or more Perform-Command (TJ states. At maximum speed, the local bus 
I alternates between the T, and states, transferring one word of information every two processor clock 
I cycles. ' 

The iAPX 286 local bus supports six types of bus operations: memory read, memory write, I/O read, 
I/O write, interrupt-acknowledge, and halt/shutdown operations. The signal timing during a bus cycle 
differs between read, write, interrupt-acknowledge, and halt/shutdown cycles. Bus timing is also 
dependent on the configuration of the bus controller, memory and I/O speed, and in the case of back- 
to-back bus cycles, the type of cycle previously performed. The following paragraphs describe what 
occurs during each of these l^lu'cycli^^erfonnie^ iby,^-tj|ie ^f^CPV. \ | 

READ CYCLES / 3j3Y» waw . vcAsn \ ' 

Figure 3-14 shows the timing for a single read cycle without command delays or wait states; this cycle 
may be preceded and succeeded by any type of bus cycle, including o^her read cycles, write cycles, or 
bus idle (Tj) statei.'^fie W^aenc&hf signWs thatrconstkute a read cycle are as follows: ' 

A. At the start of phase 2 of the bus state precedin g the re ad cycle, the CPU transmits the memory 
or I/O address and drives the M/IO and COD/INTA signals to indicate a memory or I/O bus 
cycle. Address-dfe<;o(Mogic bfegins operation, 'o^^'^^^^^r^^ o.ok 

B. At the start of phase 1 of the T, state, the CPU drive s status lines SI high and SO low to indicate 
that the cycle is a read. The CPU also drives BHE high or low to indicate whether or not the 
upper half of the data bus will be used (D1S-D8). 

C. Phase 2 of T^ begins with ALB^rom-the-bus-<!iMitfdtef-30Wg^i^"t® c « ^^ 
external address latches. ' ^^i^-^'^ ■ " 

D. At the start of the first T^ state, ALE goes low to latch the address and chip selects for the 
remainder of the bus xyole. The busiicgntrc^r drives DT/R and MRDC low to condition the 
direction of the data trati^dvets and enable the memory or I/O location to be read. DEN from 
the bus controller then goes active (high) to enable the data transceivers. Status (5T or SO) is 
removed in preparation for the next cycle. 



E. At the start of Phase 2 of T^, the address, M/IO, and COD/INTA lines change to reflect the 
following bus operation (or enter the tri-state OFF condition if the following bus state is an INTA 
cycle or a Tj state before bus-hold acknowlcdys}. ^ ■ " 



P. At the end of T;., the READY signal is sampled. If READY is low, the input data is assumed to 
be valid at the CPU data pins; the CPU reads_the data from the bus and the bu s controll er 

y deactivates MRDC and DEN, and returns DT/R to its normal a ctive-high state. If READY is 
sampli^ high,,94ditional T^sta,^ will be executed until READY is sampled low. 



WRITE CYCLES 

Figure 3-15 shows the timing for a single write cycle without command delays or wait states; the timing 
of this write cycle is very much the same as for the read cycle just described, although the control 
signalling is of course different. The sequence of signals that constitute a write cycle are as follows: 



A. As in the case of read cycles, the CPU drives the address, M/IO, and COD/INTA signals at the 
start of phase 2 of the state preceding the bus cycle. Address decode logic begins operating. 

B. At the start oflTs, the CPU drives 5T low and 50 high to indicate a write cycle. BHE is driven 
high or low io enable or disable thelligji bjste'itthe data bd^ fl^Ei(^.'7 ^ , ■ - ' ' ' 
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Figure 3-14. iAPX 286 Read Cycle 



C. At the start of phase 2 of T^, the CPU outputs the data to be written to memory or I/O while the 
bus controller drives ALE and DEN Jiigh to capture the address in external address latches and 
to enable the data_transceivers. DT/R is normally conditioned to transmit write data through the 
transceivers; DT/R does not change at this time. 

D. At the start of the first T,., the CPU removes if&Matus signals. The bus controller drives MWTC 
and ALE low to enable a mslfibfy fet'l/O-WfaWttI ^Wiim^mm^m elii^S^fefor the 
rest of the bus cycle. 

E; At the start of Phase 2 of T^., the address, M/lo, and COD/ INT A lines change to reflect the 
" ' Mlowing bus operation (or enter the instate OFF condition if the following bus state is an INTA 
cycle or a T; state before btts-Md a6iawi*le4i^.n«'""i<J3 iw arii to notisfrir/njj gniwoiloi 
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I : ¥igim iarifj5kii86^Q6 Write Cycle 



F. At the end of T,., the READY input is sampled. If kEADY is low, the bus controller drives 
! i MWXC>hial? .Ifiilat((fe^%yifii^,^^f!. s^i ^ted^ pipry, pr J/Q device. If READY is sampled hi^, 
' ;additieDat;7e states a^)«p^^t^^Ul ^£AlJl!Y^i» $a|npled 1qw,v, 

G. At the start of Phase 2 of the following Tj or Tj bus state, the DEN signal is disabled, and the 
data bus may change to reflect either new write data or enter the tri-state OFF condition. In this 
way, write data is held active well into the following bus cycle to provide sufficient datfi-hold time 
following tenninati(m of the write C(»nmaii^gba!won;)c»ii blort-gud aiolscf • « jT e ^o 5!5'< 
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INTERRUPT-ACKNOWLEDGE CYCLES " " ' " I 

Interrupt-acknowledge cycles are performed by the CPU in response to an external interrupt request 
asserted via the INTR input pin. After recognizing t he exte rnal interrupt request, the CPU executes a 
sequence of two back-to-back interrupt-acknowledge (INT A) cycles to input an 8-bit vector that identi- 
fies the interrupting source and directs the 80286 to an interrupt handling routine. Figure 3-16 shows 
the sequence of signals that constitute the interrupt-acknowledge sequence: , 

A. At the start of phase 2 of the state preceding the first inter rupt-ac knowledge cycle, the address 
lines enter the tri-state OFF condition and M/I15 and COD/INTA are driven low to identify the 
coming interrupt-acknowledge cycle. 

B. At the start of Tj, LOCK and status lines ST and SO are driven low. LOCK prevents another bus 
master in a multi-m aster system from gaining control of the bus between the two interrupt- 
acknowledge (INTA) cycles. 

C. At the start of Phase 2 of Tj, the bus controller drives MCE and ALE high. MCE (Master Cascade 
Enable) enables the master 8259A interrupt controller (in a system that uses multiple interrupt 
controllers) to drive the cascade address onto the local address bus for distribution to any slave 
interrupt controllers. 

D. At the start of the first_Jc, the CPU drives status lines ST and SO high. The bus controller drives 
INTA, ALE, and DT/R low. This first INTA signal freezes the contents of the interrupt control- 
ler; ALE latches the_cascade address onto the system address bus for use by the slave interrupt 
controllers; and DT/R places t he data transceivers into the receiver mode (any data on the data 
bus is ignored during this first INTA cycle). The bus controller drives DEN high to enable the 
data transceivers. 

E. Halfway through the first T,- state, the CPU removes the M/IO and COD/INTA signals while 
the bus controller drives M CE low (ALE has already fallen low to latch tbe cascade address onto 
the address bus). RE ADY i s high to force a second T,. state (two T,. states are required to meet 
the minimum 8259A INTA pulse width). 

F. At the s tart of the second T;, state, the CPU drives LOCK high. If the system bus was u sed for 
the first INTA cycle, the 82289 Bus Arbiter wp not relinquish the bus until the second INTA 
cycle is complete. _ ' ' i 

G. READY going lo w at th e start ofphase 2 of T^ terminates the cycle at the end of T,.. The Bus 
Controller drives INTA and DT/R high and DEN low. The CPU drives the address pins out of 
TRI-STATE off during the second half of the second Tc- 

H. Three idle states (Tj) are au to matica lly inserted between the two INTA bus cycles to allow for 
the minimum 8259A INTA-to-INTA time and CAS (Cascade Address) output delay. 

I. In terms of signal timing, the second INTA cycle is almost identical to the first. LOCK remains 
high during the second cycle, and the interrupt vector is read from the lower half of the data bus 
at the end of the s econd Tg state. Two T^ states are required during this second INTA cycle to 
meet the minimum INTA pulse width and to prevent contention between the CPU and the cascade 
address latches that might occur as the CPU drives the address bus when the cascade address is 
being d isabled. The CPU does not start driving the ad(k«ss bus until the second half of the second 
INTA Tc bus state. 



HALT/SHUTDOWN CYCLES 

The 80286 externally indicates halt and shutdown conditions as a bus operation. These two conditions 
occur due either to an HLT instruction or multiple protection exceptions while attempting to. executi 
one instruction. ::9:.>i.>ai: jyoa; ^/^-itn/i si siUt' ' 
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Figure 3-16. Interrupt-AeknowlMlBe Sequence 
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A halt or shutdown bus operation is signalled when SI, SO, and COU/liNlA are low ana m/iu is 
high. The address line Al distinguishes between a halt or shutdown condki^^Al- high indica tes a halt 
condition, and Al lew indicates a stavtdoimf !a»Htitic»b,<The 82288 does not issue AL^«•nerli^ READY, 
reqirfred'tort e rniin a te a h altt)rshutdowirfaii»operatieH; * ~ 1 

During a halt condition, the 80286 may service processor extension requests (PEREQ) or HOLD 
requests. The 80286 will remain in the halt state until an NMI, RESET, processor extension segmen^ 
overrun exception, or INTR interrupt (if interrupts are enabled) forces the processor out of halt. 

During a shutdown condition, the 80286 may similarly service processor extension requests or HOLD 
requests, except that ^ fTO&mM^'mi^m^imm^m^ttta exception during shutdown will inhibii 
further servicing of processor extension requests. Only a non-maskable inteirupt (NMI) or RESET car 
force the 80286 out of tlie sUktdMwicaiidi^tntKoi s,ti <o' laeur^^ >> \ i: 

f>3H3^ ^riri: riv si) lannsrto etisb nol2n»txe loe*:- ^ 

The previous sections described the characteristics of read and write cycles that can occur oh the iAPX 
286 local bps,. These bus cycles are initiated by the 80286 Bus Unit in order tp perform various functionsj 
These functions include: ^ i | 

• prefetching instructions ahead of the current instruction that is executing 

• transferring data required by an executing instruction , : .,t :,.*> • , , • 
» 1 tiriiiUlfiSifi%d&£a>f6r a proce8iforbJiteasi^.^uJQii^i!jAe^^inK^^d3itrasi0^ cdtamielji. ^ j ; 

The following sections describe the rules and conditions that determine ^<^ch bus operation will be 
performed next by the 80286. These rules help to better explain the wa* |owiich the iAPX 286 uses 
its local bus " ^ '-fv! leoifcK.i., 

The iAPX 286 local bus is shared between the 80286 internal Bus Unit and external HOLD requests. 
In the course of performing the three types of bus operations listed above, the 80286 Bus Unit also 
must contend with transactions that require more than one bus operation to complete. Table 3-3 shows 
tjje.priqrjjtij^ foUpwed by the 80^^^ BuSjUnit in honoring simultaneous requests for the local bus. 

'•J 3«1.' .moaevxio aiBb Miono'haq nsrfW OM lo nomsfr: 

PREFETCH OPERATIONS 

The Bus Unit prefetches instructions when the local bus would otherwise be idle. When prefetching 

• A prefetch bus cycle is requested when at least two bytes of the 6-byte prefetch queue are empty. 

• Prefetches normally occur to the next consecutive address indicated by the Code Segment Instruc- 
tion Pointer. .Oil. 

• The pref etcher normally performs word prefetches independent of the b^^ertd^iaaent of the.code 

segment base in physical memory. 

• The prefetcher performs only a byte code-fetch operation for control transfers to an instruction 
beginning on an odd physical address. , , . , , . . 

• Prefetching stops whenever a control transfer or HLT instruction is decoded by the lU and placed 
into the instruction queue. ^ 

• In Real-Address mode, the prefetcher may fetch up to six bytes beyonSitlte»etiidffl&flteQicli8fMpaent. 
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Table 3-3. Local Bus Usage Priorities 



Priority 



Operations Requesting the Local Bus 



1 (Highest) 

v.'."/.. 'I 

2 



3 
4 

5 

6 (Lowest) 



Any da ta transfer that asserts LOCK either explicitly (via the 
LOCK instruction prefix) or implii:ltly-.(^gment descriptor 

aoRe£s,.int«8'rupttacKnowiedg9.3^f|U!9!ffi9li!<ir an xchg with 

The second of the two byte-transfers required to transfer a word 
operand at an odd physical address, or the second transfer 
required to perform a processor extension data channel trans- 
fer. _ , 

A request for the tocartNis!«*»irMMH©LOtin|Mit.' l ' 

A processor ffidenslon t^lta channel transfer via the PEREQ 

Input. 

A data transfer requested by the EU as pail §f arf inltn&t&n.^ 

An instruction prefetch performed by the BU. The EU will inhibit 
prefetching two processor clocks in advance of any data trans- 
fers to minimize waiting by the EU for a prefetch to cqm^ate. 



In Protected mode, the prefetcher will never cause a segment-overrun exceptioit The' pref etcher 
stops at the last physical word in the code segment. Exception 13 will occur if the pn^^am attempts 
to execute beyond the last full instruction in the code segment. 

If the last byte of a code segment appears on an even physical memory address, the prefetcher will 
read the next physical byte of memory (perform a word code fetch). The value of the additional 
byte is igiu»ed and any attempt to execute it causes exception 13. . . , ^ i 

Instruction prefetch operations can occur back4o-back with o^a:jHK&^es,QtQth^, bus. cycles, 
with no idle clocks on the bus. ^3!TWa?K^ ..H?u ^VP~^ j 



'• ^■f .Al 'jr. ' 5(4! 



The Bus Unit performs data operations when the Execution Unit (EU) rieeds'tb reald or wi^e idaita to 

main memory or I/O. When pnfonning data operations, the Bus Unit obeys the following general 
rules: p'wA' i a-j-^-ia h »■ u-: i 



"•'■'Siiice the EU must wait on data reads, data operations have priority over prefetch operations when 
both data and prefetch operations are ready to'b(^^4^'^#iai<^^tidi^4iSWeveri w^MM'Utterropt 
a prefetch operation that has already started. 

• If the bus is currently in use when the EU requests a write cycle, the address and data for the write 
cycle are stored by the Bus Unit in temporary registers until the current bus cycle completes. This 
allows the EU to begin executing the next instruction without having to wait for a prefetch or other 

''btts^op«iitt!(^'td€nish; ■" i-'i^^iJ: -■•r,r>..,; ,-;.|,J,■,,-.■■•^ vr.u-. 

• Only one write operation can lie buffered by the Bus Unit. If the EU requests a write cycle while 
these temporary buffers are full, the EU must wait for the buffers to empty before it can continue 
executing instructions. 

• Any combination of data read and write operations can occur baick-to-back with other bus opera- 
tions, with no idle bus cycles. The string move or I/O instructions in'fiarticAtar tra^fer data with 

J.' '-<iio idte>'stat!e^4aB!4fae.bti&riov3d i-ji\o /.u <>j .(u .isiar ^tan isrfo/olsiq -jrlr .oLr,(j , -jiti!. ■ ; v 
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DATA CHANNEL TRANSFERS 8}nsnoqnHi,j voBlia mfi t 

The 80286 Bus Unit contains a processor extension data channel that supports data transfers between 
memory and processor extensions like the 80287 Numeric Processor Extension. Transfers are requested 
by the processor extension and performed by the CPU Bus Unit. Chapter Six describes the iAPX 286 
processor extension interfile© in more detail. Th©4oUowiHg guidelines gw^-data chauneiajctivity: . 

• Data channel transfers have priority over prefetch and execution data cycles if all three operations 

, ...arejfeft\t«!f|s4.at.the„^^ • : -i, , 

• The tranisiefl'rd^uire at least two bus cycles to complete. For example, to transfer a word operand 
to the 80287, the CPU performs the first cycle to read the operand from memory. A second transfer 
writes the wwd to the 80287. . . , , 

• The bus timing of these transfers is the same as any other bus read or write cycle. 

• , ,D^t^ SlWWl transfers are ^raited as indivisable operations by the 80286. The Bus Unit will not 
' execute a data or prefefcn op^fation until a data channel word transfer between memory and the 
80287 is complete. 

• Data channel transfers to or from the 80287 are always word transfers. No single-byte transfers are 
required by the 80287, nor are they perforined by the 8Cifc6T ''•^l^U OHJ^WT ?" OMVrARBi'itO 

• Word transfers to an odd-addressed memory location ,^e. performed as two byte-tranpfersi. This 
., ,fesults in t^%^»|.*yc|^;|p^j^^-^i|rt^,|jg%^'|focessor extension, and two byte-transfers 

to memory).' 



BUS UTILIZATION 

Many features of the 80286 contribute to a high utilization of the iAPX 286 local btt§. 'these features 
include: -u. ivj ,--,r.s);i! <;.:.^i : ^-^^rtq rii ^^^..^ui;'..: 

• partitioning of CPU functions into individual processing units 

ttae'.8t[s>lM ^Msllnesierip^^ ^te,ri^ ^«l^$tttiMMlMM^lri(^sfers 

• temporary Bus Unit address and data registers 

• pipelined' timing to allow back-to-back and overlapped bus operations ' 

. jr':.ii- ;', •{ - V: r 

1 j.jcM' . OOi^-Oi; ■ 

Depending on the particular program that is being executed and the speed of lo^^op^poxy, these 
architectural features can result in very high local bus utilization and bus efficiency. For typical types 
of software, about 60% to 70% of all bus operations will be instruction prefetches, and about 7S%-8S% 
of all bus clocks will be utilized by the CPU (assuming that memory responds with zero wait-states). 
If memories having one or more wait states are used, better than 90% of all available bus clocks will 
be used by the CPU. Long sequences of back-to-back bus operations are possible without the bus being 
idle, especially if a program involves string operations. m : . 

Designers can best take advantage of the high local bus throughput offered by pipelined timing and 
other features of the 80286 when interfacing the 80286 to local memory. The software tasks and data 
that are requested most often can reside in local memory where they can be quickly accessed. Less- 
used tasks and data can reside in remote memory on a public system bus, where access delays may be 
incurred due to bus arbitration and additional address and data buffers. Chapter Four discusses the 
performance tradeoffs of interfacing to fast vs. slow memories. ' 
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The job of implementing an iAPX 286 local bus around an 80286 CPU is made relatively simple by 
using several components specifically adapted to supporting the pipelined timing and status signals of 
jbe S0286. These interface coQi^onents include: 

• The 82284 Clock Generate*, to gen erate the proper clock input for the 80286 CPU, to selectively 
enable and synchronize the 80286 READY input, and to handle the conditioning of the system 
RESET signal. 

• The 82288 Bus Controller, to decode the 80286 status signals and to generate appropriate memory 
and I/O read / write commands, and da^ transceiver, ^aqd i^t'C^s bt^f er control signals^ 

• 82»2bctalMc}^,fd)Flai«^i^<^l^1A(si£^di^ltedf^^^^^ 

• 8286 data transceivers, for buffering the local bus data lines. 

These devices support the pipelined timing of the 80286 local bus and combine functions that would 
take several dozen discrete components to perform. The remaining sections of this chapter describe 
howthesetaretiitiftiybeT^'ijiiH^lrff^ j ,' 



GENERATING TIMING USING THE 82284 CLOCK GENERATOR 



The 82284 Clock Generator provides the clock generation, READY timing, and RESET timing functions 
for the 80286 CPU and other iAPX 286 support devices. Figure 3-17 illustrates hove the 82284 Clock 
Generator connects to an 80286 CPU. 

In generating the clock signal for the system, the 82284 can use either a crystal or an external TTL- 
level signal as its frequency source. The CLK output signal is equal to the 80286 input source frequency 
and is double the specified processor clock frequency. The status lines §0 and SI from the CPU are 
djecoded by the 822^4 to sjoacjitf e,f}i?, jB^84,'i^,|^f (j^rip^^i^^Jci^^put, Tlys^|?^I,,K output 
is normally in phase with the 80286 internal processor clock. 

The 82284 generates the READY input to the 80286, which the C PU uses either to insert wait states 
into bus operations or to terminate successful bus operations. This READY output is synchronized to 
the system clock, and can be selectively generated from either an asynchronous or a synchronous ready 
input to the 82284. 

The third timing function of the 82284 Clock Generat or is the generation of the 80286 RESET, or 
system RESET signal. The 82284 accepts an active-low RES input signal from a simple RC circuit or 
other Reset source, synchronizes it with the system CLK, and drives its RESET output to properly 
inhializ^ 11^ 80286 CPU smd Other systeiii'ctiffljpaUfaifs. ' • : i - • i ■■> 

The following sections describ&'eScK^t^se functions of the 82284 Clock Generator, and disicuss sbnie 
of the alternatives and considerations iif designing an iAPX 286 system using the 82284. 

Generating the System Clock ^no,j.i:./,o gn: ^ «>vi . ; . >: i s , - v 

The 802B6 tequire^ a clock signal with fast rise and fall times (10 ns max) between low and high 
voltages of 0.6V low and 3.8V high. The maximum frequency of the clock input to the (8-MHz) 80286 
is 16 MHz (20 MHz for a 10 MHz 80286-1). Since the 80286 internally uses dynamic cells, a minimum 
clock input frequency of 4 MHz is required to maintain the state of the CPU. Due to this minimum 
frequency requirement, the 80286 cannot be single-stepped by disabling the clock. The timing and 
voltage requirements for the GPU clocJaMftjlfe§»PAjr»IS^J^S"''^a'''i''!" '^'> < '^'-^ ■■ -iJ •}'.( s , i 
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Figure 3-17. 82284 Glock Generator With an 80286 CPU 
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Using the 82284 Clock Generator, an optimum 50% duty-cycle clock with the required MOS-level 
voltages and transition times can easily be obtained. Since the 80286 CLK is a double-frequency clodf 
signal, the selected source must oscillate at twice the specif ied^^^oce^<H^, clock rate. 



Either an external frequency source or a crystal can be used to drive the 82284. The frequency source 
is selected by strapping the 82284 f /C input to indicate the appropriate frequency source. i 

: ■ I 

To select the crystaljuiputs of the 82284 as the frequency source for clock generation, the F/C input 
to the 82284 must be strapped to ground. The cry,stal, a parallel-resonant, fundamental mode crystal, 
connects to the XI and X2 pins on the 82284 and should have a typical capacitance load of 32 pF. 
Two loading capacitors are recommended to ensure stable operation of the 82284's linear Pierce oscil- 
lator with the proper duty cycle, as shown in Figure 3-19. pie ?i5Mj&f "the board capacitance and the 
loading capacitors should lepatlhe values s&dvmlnTaBle'^ \^ , s-,. j 

If a high-accuracy frequency source, externally-variable frequency source, or a common source for 
driving multiple 82284's is desired, the External Frequency Input (EEI) of .the 82284 can be selected 
by pulling the F/C input to 5 volts through a IK ohm resistor (Figjire 3-29). The external frequency 
source should be TTL-compatible, have a 50% duty cycle, and ofcill&t s at tj fe^ystem cloc& rate (twic^ 
the processor clock rate). ] ' 
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Figure 3-19. R^ifmnsiMted Crystal Cenneetteiui to the 82284 
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.. JFtguijB 82284 WHh Ext^al Frequency Source 



If several sources of CLK are needed (in a multi-processor system, for example), multiple 82284 Clock 
Generators can be used, driven by a common frequency source. When multiple 82284's driven by a 
common source are distributed throughout a system, each 82284 should be driven by its own line from 
the source. To minimize noise in the system, each line should be a twisted pair driven by buffers likp 
i the 74LS04 with the ground of the twisted pair comiecting the grounds of the source and receiver. Tb 
minimize clock skew, the lines to eacb S2284 abaxM be of equal l^igth. < 



A simple technique for generating a master frequency source for additional 82284's is shown in 
Figure 3-21. One 82284 with a crystal is used to generate the desired frequency. The CLK output from 
this 82284 drives the EFI input to the other 82284 Clock Generators in the Systran. ■ ~ 

Since the CLK output is delayed from the EFI input by up to 30 ns, the CLK output of the master 

82284 should not be used to drive both an 80286 and the EFI input of another 82284 (for a second 
80286) if the two CPUs are to be synchronized. The variation on EFI-to-CLK delay over a range of 
82284s may approach 10 to 15 ns. If, however, all 82284s are of the same package type, and have the 
same relative supply voltage, and operate in the same temperature environment, the variation will be 
f educed to bet*i«eif S'Sttd' l^C^b ' • 



When multiple processors share a common local bus, they should be driven with the same system CLK 
to optimize the transfer of bus control. A single 82284 Clock Generator ca n be used in this configura- 
tion, as shown in Figure 3-22. Each of the processors can share the common READY signal, since only 
one processor is permitt ed to use the bus at any given time. Processors that are not in control of the 
local bus will ignore any READY iaput. -.a.ic lo-.^jaoiq B.njini su- ..ji.* - j-..^ .no .i v 
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The 82284 Clock Generator has two clock outputs: the system clock (CLK), which drives the CPU 
and support devices, and a peripheral clock (PCLK), which runs at one-half the frequency of the 
system GLK and iSi OQrnia%]$piebcanu%d to the &0286 iotenuil.^oeei^Qe^J(«e)(. CL|C has » 50% duty 
cycle, matching its input, and so does PCLK. CLK has MOS-level d]3fffi0$lw%c$e«ri^<^ jwfUleJPCLK 
is a TTL-level signal at half frequency of the CLK output. 

Figure 3-23 shows the relationship of CLK to PCLK. The maximum delay from CLK to PCLK is 
40 ns. The 82284 synchronizes PCLK to the CPU internal processor clock at the start of the first bus 
operation following a RESET, as detected by SI or SO going low. Following this first bu^ cycle, PCLK 
will remain in phase with die iateTMl processfflp ckfek i^jtini YdA3> i vr^, : Ilfv/ Vi;^\:i-| 
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Figure 3-22. Multiple Local Bus Processors Share a Common 82284 
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Timing Bus Operations Using READY - - , 

i ! 
As described previously in the discussion of iAPX 286 bus operations, the READY input is used by 
the 80286 to insert wait states into a bus cycle, to accommodate memory and I/O devices that cann ot | 
transfer information at the maximum 80286 bus bandwidth. In multi-processor systems, READY is: 
also used when the CPU must wait for access to the system bus or Multibus interface. i 

I 

To insert a wait state (an additional T^ state) into the bus cycle, the READY signal to the CPU, Bus 
d^ontroUer, and Bus Arbiter (if present) must be inactive (high) by the end of th e current Tg state. To 
terminate the current bus cycle and avoid insertion of any additional wait states, READY must be lowj 
(active) for the specified set-up time prior to the falling edge of CLK at the end of T^. 

Depending on the size and characteristics of a particular system, designers may choose to implement ^ 
i Ready signal in one of two diffetent ways: . L—__ . .J j 

1. The classical Ready implementation is to have the syste^ "normally not ready." When the selected' 
device receives a command and has had sufficient time to complete the command, it activates 
Ready to the CPU and Bus Controller to terminate the bus cycle. This implementation is charac- 
teristic of large multi-processor, Multibus systems or systems where propagation delays, bus access 
delays, and device characteristics inherently slow down the system. For maximum performance,, 

■ — -devices that can run with no wait states must return Ready within the specified time limit. -FaMure' 
to respond in time will result in the insertion of one or more wait states. 

2. An alternate technique is to have the system "normally ready." All devices are assumed to operate 
at the maximum CPU bus bandwidth. Devices that do not meet the requirement must disable 
Ready by the end of T^ to guarantee the insertion of wait states. This implement ation is ty pically 
applied to small, single-CPU systems and reduces the logic required to control the READY signal. 

- Since the failure of a devicetequiring^ wait states -to disable Ready by the end of T^ will result inj 
premature termination of the bus cycle, system timing must be carefully analyzed before using; 
this api>roach. I 



As shown in Figure 3-24, the timing requirements for the CPU, Bus Controller, and Bus Arbiter READY 
inputs are identical regardless of which method of ready imp lementati on is used. Set-up time for READY 
is 38.5 ns before the falling edge of CLK at the end of T,.; READY hold time is 25 ns from the falling 
edge of CLK. 



To generate a stable READY output that satisfies the required setup a nd hold times, the 82284 Clock 
Generat or provides two ready inputs: a Synchronous Ready (SRDY) and an Asynchronous Ready 
(ARDY) input. Typically, one or both of these inputs will be driven by external timing logic to deter- 
^"-t^-PP *^"?". ^!— c ondition. The two Ready input g are qualified by sep arate Enable signals 
(SRDYtiN ana AftDyEPijilfoselectiVely enable aie of the twb Keady mpfits (rigure 3-25). j 

The two Ready inputs allow more flexibility in designing an iAPX 286 system; although the SRDY 
input m ust be synchronized to the system CLK, it permits more time for the external Ready logic; the 
ARDY input need not be synchronized, but it permits less time for the Ready-timing logic to function. 
To operate the iAPX 286 with zero wait-states, the Synchronous Ready (SRDY) input must be used — 
the ARDY input cannot su pport zero-w ait-state operation. At the ,ei\d of Tj (the first state in any bus 
Operation), either ARDY or ARDYEN must be Mgh. "'^3m .vt? 

Figure 3-26 shows the timing of the SRDY signal. Wh en SRD YEN is low, SRDY is sampled on the 
falling ed ge of CLK at the end of Phase I of Tc. When SRDY is sampled low, the 82284 immediately 
drives t he READY ou tput low (24 ns max. delay from the falling-edgB.of CLK). The setup times for 
SKDY and SRDYEN ax^&mtdtlismiitSimmMl9fi^yWK.^ti-t »iu«;l-l 
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Figure 3-24. READY Timing ~ 
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Figure 3-27 shows the function of the ARDY input. When ARDYE N is low , ARDY is sampled on the 
falling edge of GLK at the start of Tc (on e CLK_e ycle ea rlier tha n SRDY). This allo ws one fu ll CLK 
icycle for the 82284 to resolve the state of ARDY. When ARDY is sampled low, the READY output 
of the 82284 is driven active-low following the falling edge of CLK at the end of phase 1 of Tc (24 n$ 
max delay from the falling edge of CLK). 



To insert a wait state, both ARDY and SRDY must either be sampled inactive, or else be disabled 
using the appropriate Enable pin. Note that once b oth ARDY and ARDYEN have been resolved 
active low, the 82284 ignores the condition of SRDY for the remainder of that bus cycle. 

;When only one Ready input is required, the associated Ready Enable signal can be tied to ground 
!while the other Ready Enable.$j^i£hUs.^niiected to S volts tjirough a IK ohm resistor (Figure 3-28). 
When both Ready inputs are usc^d, the proper Ready Enalie can typically be selected by latched 
outputs from address decode logic (Figure 3-19). I' 



As shown in Figure 3-30, the READY output has an open-collector driver to allow other Ready circuits 
to be connected with it i n a wired -OR configuration. Because of this, an external 300 ohm pull-up 
resistor is required on the READY signal. At t he start o f a bus cycle, indicated by SI or SO going low 
(Figure 3-31), the Cloclc Generator fl oats the R EADY output. The pull-up resistor has three system 
CLK cycles to raise the voltage on the READY line to the inactive (high) st ate before it is sa mpled by 
the 80286 CPU. When the selected 82284 Ready input is active, the READY line is forced low. READY 
remains low until the next bus cycle is started (^ or SO going low) or until the selected Ready input 
is^deteeted Mgb. — - ^ . J 

• -': '1 ■ .-i ■Jf!. .".!' 3^' Vi-' .o,': ^y.- -i •^lygi ' 

During RESET, the Clock Gei\.erator pull£RSm¥. low to^oe the Bus Controller into the idle state. 
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Figure 3-27. ARDY and READY Timing 
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Figure 3-29. Selecting the Ready Input 
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H9iif«3=3i'. READY ooqraraienKiiniiiis^ 



WAIT-STATE TIMING LOGIC ! 

I, 

In the previous section, the operation of the SRDY and ARDY inputs to the Clock G^ierator werc| 
described. In this section, the wait-state timing logic that drives these Ready inpats are discussed, with' 

specific examples for generating a fixed number of wait states. 

With an 8-MHz 80286 CPU, fast memory and peripherals can typically operate with or 1 wait states.! 
In most cases, address-decode logic can be used to sdect the number of wait states required by a! 
particular device. This address-decode logic is also used to generate the appropriate chip selects. 

Figure 3-32 shows a simple method for generating one wait state i% an iAPX 286 system. The timing: 
|or a typical bus cycle incorporating this sinjgle wait state is shown ift Fjg»re . 3-3.3., . ^ 

i 

in the circuit shown, the output of the first flip-flop becomes active at ffi'e end of Ts.'Thc output of the' 
second flip-flop does not become activated until Phase 2 of the first T^. after the 82284 has sampled; 
SRDY high an d cause d the insertion of an additional wait state. During th e fol lowing Tc state, thei 
82284 samples SRDY low and terminates the bus cycle by setting RE. 
the wait-state timing circuit in preparation for the following bus cycle. 



Y'law. ¥iEM>^ ^ resets! 



For many existing memory and peripheral devices, one or more wait states will be required to operate 
with an 8-MHz 80286 CPU. Some peripheral devices may require more than two wait states. The 
^ircuit-p. Figure 3-34 shows a wait-state generator that inserts from to 3 wait states into each bus 
eycie. 7%eis-circmt can be extended t& ioeorporate any number <tf wait states -by adding an 4idditional 
flip-flop for each waiV^teP^O ei&ie-lieW •l9ni^ )ot unmu i LC-C aiucis 
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Figure 3-33. Timing for tlie Single WaR-Siate Genweicirif; ; 



3^ 



210780-001 



.'eri) jiuaiijtjucoini 



ADDRESS 
DECODE 
PROM 



READY 



8BUCT1W*IT| 



0-WMT 
READY 



> 



8EI.ECT t WAIT 



1-WAIT 
READY 




i ',:i,r :i:»'-jrM r 



M CI' 



;t.':J.iJ;i ul bSf.U ja .J.I Jliii J>i l-i-ii":!;. 



210760-38 



Figure 3-34. Generating from to 3 Wait States 
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In the circuit shown, an address-decoder PROM selects the appropriate Ready signal to generate the 
proper number of wait states. The timing for this circuit is identical to that of the previous circuit, 

.0'.-?. iiiiigi i ni iiwont .n'sMvi srii ni ^aoivab wrfii/ Oi i^lfiAfi fn3)?y« £ si- ii ,v;i :. ?.'.t, ti " 



These circuits are sufficient for generating SRDY timing for local devices when the required number 
of wait^ states is known. For device addresses th^t are not local, e-g- for devices that reside on .a system 

Memory and I/O dev ices configured on the Multibus interface generate theirowgll^iidy timing through 
the Mu ltibus XACK signal (shown in Figure 3-41 in the next section). XACK can be'used to drive the 
ARDY input to the 82284 , while an address-decoder recognizes addresses mapped onto the Multibus 
and selects the AR DYEN Enable line. The 82284 will automatically insert wait states into the bus 
cycle until XACK becomes active low. More information on designing a Multibus interface for the 
iAPX 286 is giveti in Chapter Sevea. ' - - - - 
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'^lAPX 286 LOCAL BUS 



NOTE 

If the iAPX 286 system operating in Real-Address mode is "normally not Ready," program- 
mers should not assign executable code to the last six bytes of physical memory. Since the 
80286 CPU prefetches instructions, the CPU may attempt to prefetch beyond the end of 
physical memory when executing code in Re al Mode at the end of physical memory. If the 
access to non-existent memory fails to enable READY, the system will be caught in an indef- 
inite wait. Chapter Seven showsJa bus-timeout circuit that is typically used to invent the 
occurrence of suph a.n indefinit^wat. 



Gensrating the Proper RESET Timing 

As described previously, the third timing function of the 82284 Clock Generator is to generate the; 
system RESET aigHal: to ptoptnfMpi&& tt»-i&Wft^ ^ ' ^ j 

The system RESET signal provides an orderly way to start or restart an iAPX 286 system. When the 
80286 processor detects the positive-going edge of RESET, it terminates all external activities. When 
the RESET signal falls low, the 80286 is initialized to a known internal state, and the CPU then begins 
Mching instructions frorar^yoliite ad«]^li9^F!FF0H. ' Mr i 



To properly initialize the 80286 CPU, the high-to-low transition of RESET must be synchronized to 
the system CLK. This s ignal can easily be generated using the 82284 Clock Generator. The 82284 has 
a Schmitt-triggerHES input that can be used to -generat e RES ET from an active-lpw external, pulse.. 
The hysteresis on this Schmitt-trigger input prevents the RES signa l from entering' an indetenninatej 
^tate, and allows a simple RC circuit to be used to gen^te the R£S signal upon powerup. | 

The specifications on the RES input circuit show that RESET will not become active until the REsj 

input reaches at least 1.05 vohs. ^ 

^j>ct8 liSiV T- d '■) nf^ :' rr I5K>f^o»& aTiusfrll 



To guarantee RESET upon power-up, the RES input must remain below 1 .05 volts f or 5 milliseconds 
after Vcc reaches the minimum supply voltage of 4.5 volts. Following this event, RES must still remain 
below 1.05 volts for 16 processo r cloc k cycles to allow for initializing the CPU. Figure 3-35 shows a 
simple RC circuit that will keep RES low long enough to satisfy both requirements. 

The 82284 RESET output meets all di^tttidkeisMii hf^ iCiMd^ ifJB^ftt mput-lflis RESifil' 
output is also available as a system RESET to other devices in the system, as shown in Figure 3-36. 

During RESET, the 80286 internal processor clock is initiahzed (the divide by two counter is reset). 
Following the rising edge of RESET, the next CLK cycle will sjf^at^haSe 2 of a processor clock cycle 
(see Figure 3-37). the 82284 synchronizeis the 82284 Pttt. OittpliT to' the ^0^86 internal pfocessbr 
clock at the start of the first bus <grcle after RESET. 

Since the 82284 synchronizes RESET to the system CLK, a delay of one or two clock cycles is intro- 
duced before the RESET output is driven high. The 82284 will attempt to synchronize the rising edge 
of RESET if Vcc and CLK are correct at that time (Figure 3-38). However, since the rising edge of 
RESET may occur during power-up, when Vcc and CLK are not valid, the rising edge of RESET may 
be asynchronous to the CLK. A synchronized rising-edge of RESET is necessary only for clock-; 
synchronous, multii»ocessor system. .'-vai. .^,qi.u-^ , - ^ . 
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Flgura 3-35. Typical RC RESET Timing Circuit 
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Figure 3-37. Processor Clock Synchronization 
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Synchronizing Processor Clocks in a Multi-Processor System j 

in a multi-processor system where each processor must be clock-synchronous, all of the processor clocks' 
must be synchronized following the initial power-up RESET. Since the CPU does not normally see the 
rising edge of a RESET signal during power-up due to delays between the time voltage is applied and 
the time that the processor is functioning properly, a second RESET pulse must be generated. 



This second RESET pulse cannot be provided directly by the 82284 Clock Ga*e®tor; additional logic 
is required. Figure 3-39 shoma drciwt thatpriOYid6S.aiuUyTsynclu-ojnojjs RE§^ generating 
a second RESET pulse that is triggered by the completion of the power-oif restet. Timing for tte circuit j 
is shown in figure 3-40. - . . j 



The circuit actually provides two individual reset signals: CPU RESET, a synchronous reset signal that 
drives the 80286 CPU's in the system, and SYSTEM RESET, providing only a single RESET pulse 
for peripheral devices that need not be synchronized to the processor clock. The circuit also generates I 
PCLK for the system (the 82284 PCLK signal should be ignored). ' 



In operation, the normal power-on RESET occurs with the rising edge of CPU RESET not being seen 
by the processors. When the RESET input goes low, the circuit automatically initiates a second RESET 
that is synchronous to the system clock. The CPU RESET output goes low for one CLK cycle and 
t^ien, goes lug ji fgi senjjsteeiv.jgrpj^ |tlff^.8p286 require8;^cfl»?ijpi]TOlRl§iE^iPuUe, width of ^jxteen- 
CkK cy{de»:$ub^eqa«Q[t <to pQwef<«|),r!eset). Both edges ofithisi secern^ .reset piilse are synchronous to 
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Figure 3-40. Synchronous Reset Circuit Timing 



CLK and to PCLK (the pulse is derived from the PCLK signal). SYSTEM RESET remains high from 
power-up until the CLK cycle before the falling edge of the second CPU RESET pulse. Since the 
synchronous reset guarantees that PCLK is in phase with the processor clock, it is not necessary to 
synchronize PCLK to the processor clock via SI or SO going low at the start of the first bus cycle (as 
is done with the 82284 PCLK si gnal). .___„. ^ 



CONTROLLING THE LOCAL BUS USING THE 82288 BUS CONTROLLER 



The 82288 Bus Controller decodes the 80286 status signals and generates appropriate commands for 
controlling an iAPX 286 local bus. By decoding the ST, 50, and M/ID signals from the 80286, the 
82288 generates inemory and I/O read/wnte-c(HBiQandSr-utmttpt-acknowledge controls, and datai 
transceiver aijd address latcli controls. Mgure 3-4rshcrara^dw {be 82288 Bus Controller! connects to 
«he 80286 CPU. j 



The 82288 Bus Controller has several control inputs that allow its command timing to be customized 
for a particular implementation. Other control inputs permit the Bus Contrqller to be used in systems 
Having more than one local bus, or systems having a local bii^ and on6<or niore system buses, including! 
Itie Intel Multibus. The follov»[i^"«?ctions describe each of the functions of the Bus Controller, and 
discuss some of the alternatives jfi designing an iAPX 286 system using the 82288. 

t ..ill'''; -':H^ jr i i 

Systems Having More Than One Bus Controller i 



The 82288 Bus Controller makes it easy to implement an LAPX 286 system having more than one bus. 
In a typical multiple-bus system, one 82288 Bus Controller is used to generate commands for each bus.! 
The Bus Controller's CENL input selects the particular Bus Controller that is to respond to the current 
bus cycle. A strapping option selects whether the Bus Controller generates signal timing compatible 
with the iAPX 286ld^ bus, or f^^^ws't&e MuIti1»^^ttt|y^B«i^tic4^ ' ' 
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Figure 3^4:1. 82288 Bus Controller with an 80286 CPU 



SELECTING A CONTROLLER 

The 82288 CENL (Command Enable Latched) input selects whether the Bus Controller will respond 
to the current bus cycle. This input is sampled at the start of the first T^. state of each bus cycle. For 
systems that use only one Bus Controller, this input may be strapped high. 

In systems that use multiple Controllers, address-decode logic typically selects the Bus Controller that 
executes the current bus cycle. CENL set-up time is 20 ns; sampling occurs on the falling edge of CLK 
between Tj and T^.. If CENL is sampled high, the Controller ignores the current bus cycle (e.g., DEN 
arid commands are not asserted) and waits for the next cycle to begin. It should be noted that in the 
case of a write cycle, DEN is already active when CENL is sampled. Therefore, when CENL is sampled 
low during a write, DEN will be driven low to disable the data buffers within 35 ns, as shown in Figure 
3^2. .lier^b tii tsjidiA eu3 ?8SSis . !!.• :••!. 'wm: nci .i.-^fi i 
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Figura 3-42. CENL Di«Ml la Of DEN on Wfitl Cycle 
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SELECTING MULTIBUS® TIMING 



The 82288 MB (Multibus) control input is a strapping option that configures bus controller timing for 
local or Multibus mode. In local bus mode, the bus controller generates commands and control signal 
timing compatible with the iAPX 286 local bus. In Multibus mode, timing is altered to meet Multibus 
interface timing requirements for address and data setup times. All Multibus cycles require at least 
one wait state. Strapping MB high selects Multibus mode; strapping MB low selects local mode. 
Figure 3-43 shows typical \mmiBxms&i%mi%.%ix,9Xk S228S opei^ting io hoth,local mode and Multi- 
bus mode. Chapter Seven provides detailed guidelines for implementing a MiUtibus interface for the 
iAPX 286. 



Figure 3-44 shows two 82288 bus controllers being used in an iAPX system. One controller interfaces 
the 80286 CPU to a local bus and is configured for local bus mode (MB strapped to ground). The 
second controller is configured in Multibus mode (MB strapped to -I-5V) and connects the CPU to the 
Multibus interface. The local bus controller also has CEN strapped to -I-5V. CMDLY is tied low; 
commands are not delayed. Address decode logic sdtects one of the two bus controllers via the CENL 
inputs. The select signal for the Multibus controller also enables the 82289 Bus Arbiter. 



Access to a multimaster system bus such as the Mu ltibus i s controlled by the 82289 Bus Arbiter. The 
Bus Arbiter decodes the ST, SO, M/TO, and SYSB/RESB lines to determine when the 80286 requires 
access to the multimaster bus. After requesting and gaining control of the bus, the 82289 enables the 
Bw» Controller, and, address Mtcbe§ te.silQW Jbc assess 19 Iftk^ pla6e. jqh.^tcr, Seven des^rijbes the 
operation and use of the 82289 Bus Arbiter in ^ail. 
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Figure 3-44. Bus Controllers in a-Dual-Bus System^- • — 



Modifying tli^ fiii ( 



To accommodate systems with slower memories or timing require ments , bus commands from the 82288 
can be delayed using the Bus Controller's CMDLY and CEN/ AEN inputs. Command delays allow 
iiiateksiel address,AnA.writfedata.-sffltu p ,. ti . m e s he foi e, comtn aad-actiyciiaudeiam&JJaaL 
setup times. grtl.Tj . \\ -a) e;uaJTJUM .«V (0"a«) ieacj .e»-C •■.ue'"^ 
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CMDLY (COMMAND DELAY) 

Jr. 

The 82288 CMDLY input delays command generation by one or more CLK cycles. Each CLK delay 
allows at least 62.5 ns additional set-up time from address/chip select to command active. Command 
dela ys may be required, for example, on write oper ations when w rite data must be valid before the 
WR command is asserted. When no delays are'^l^fidMH, CMUl^lj (aifl^«trajpped to ground to always 
issue the command as soon as possible. ^ ■ ^ 

A simple method for generating or 1 command delays is shown in Figure 3-45. The CMDLY input 
to the Bus Controller is driven by the output of an address-decode PROM gated to the Bus Controller's 
Address Latch Enable (ALE). CMDLY is driven high while ALE is active, but only yhen the PROM 
output is also high. CMDLY falls low after ALE is driven low. To satisfy 82288 timi |ig require ments, 
the sum of PROM access time plus gate delay must not exceed 107 ns. ; 

For devices that require more than one command delay, a counter can be used to generate the appro- 
priate number of delays (Figure 3-46). Set-up time for CMDLY is 20 ns before the falling edge of 
CLK. Note that delaying commands does not lengthen the b us cycle, nor does CMDLY affect the 
DEN signal controlling the data transceivers. For example, if READY is sampled active low before 
CMDLY is sampled high, tbe-l^us cycle wdU fa« termi^tfed, with no ctmmiand being issued (se^ 
Figure 3-47). 

When the Bus Controller is configured in Multibus mode, commands are automatically delayed for the 
propMsr juration (CMDLY shoulc^ be strapped low). 



CEN/AEN (Command Enable/Address Enable) 



The 82288 CEN/AEN input is a dual-function, asynchronous input that disables commands and control 
signals.'Tlie'fuheGon of the input depends on the mode of the Bus Controller. In local ni6ae (MB=0), 
the input functions as CEN; in Multibus mode ^MB= 1), the ^put ft^Actioni^as AEN. 
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Figure 3-46. Generating to 7 Command Delays 
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CEN provides the Bus Controller with an additional command enable signal that can be used for 
address decoding or delaying commands and control signals asynchronously to the system clock. In 
contrast to CENL, CEN is not latched internally and, when used as part of an address decoding scheme, 
requires an external latch. 

CEN contrasts with CMDLY in its ability to delay both command signals and DEN asynchronously 
to the system clock. Whereas the minimum CMDLY controlled delay is 62. S ns (one system clock), no 
minimum is required for CEN. 

As shown in Figure 3-48, when CEN is low, commands and DEN are inactive. When CEN goes high, 
comnuinds and control signals immediately go active (up to 25 ns max delay). 



AEN is a signal typically generated by the 82289 Bus Arbiter to control commands and data during 
accesses, to the Mult ibus int erface. For Multibus bus cycles, address decode logic enables the 82289 
Bus Arl^t«io<^Y3B/KESB) and .S228S Bi^ Controlkr XCENL) assigned to tte Nbtltibus,:iateiface. 
Af^felTi rcflue^iB^jffld gainiiig Q@ii^^^'|h^j{tt^faee, tlte.:922S9 BuSiArbite^ outputs the activs^low 
AEN signal to the Bus Controller to enable the Multibus commands and data transceivers. 



AEN is asynchronous to the system CLK. When AEN goes high, the Bus Controller drives DEN 
inacti ve and its command lines enter the tri-state OFF condition. Chapter Seven describes the use of 
AEN in greater detail. 
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Another operating mode of the 82288 allows tri-stating the Bus Controller's command outputs in non- 
Multibus mode. To do this, the CEN/AEN input is tied HIGH and the MB input is used to control 
the command outputs. MB must be stable 20 ns before the falling edge of CLK and remain so for 5 ns 
after CLK. Changing MB to HIGH will tri-state the command outputs on:the falling . edge of CLK. 
Changing MB to LOW will enable the control outputs fust, then the command outputs will go active 
twoCLK<^cles.laterif acQiQmand:is a<^'ivfei.., i iisb oi vii! di. tii ' i ' ' ■ i - r ; 
. -■■ ,1 .11 . I-'. . . jii('r'> Y.iOt/L"J murninir 

LOCAL BUS DESIGN CONSIDERATIONS 

'; n tn ''.Z o) qoj v/'it'iS <-•'( ■fhtn.'.j'.'fiw altnai? i''">tf;ac; bif r, ■•. >.■■ 

Address Bus Interface 

iAPX 286 system* ieper^te with a 24-bit address bus, using the pipelined address timing described 
previously. Since the majority of system memories and peripherals require stable address and chip- 
select inputs for the duration of the bus cycle, the address bus and/or decoded chip-selects should be 
latched. 

The 82288 Bus Controller provides an ALE signal to capture the address in 8282 (non-inverting) or 
'8283 (inverting) latches (see Figure 3-49). These latches have outputs driven by tri-state buffers that 
supply 32 mA drive capability and can switch a 300 pF capacitive load in 22 ns (inverting) or 30 ns 
(non-inverting). The latches propagate the input signals through to the outputs while ALE is high and 
latch the outputs on the falling edge of ALE (see Figure 3-50). The cmtputs are enabled by the active- 
low OE input. 

Chapter Four discusses other address strobe techniques that do not use the ALE signal from the 82288 
Bus Controller. These special address strobes can be used to customize the 80286 bus cycle timing t0 
accommodate particular memory or peripheral devices. [ 

I i i LJ U ( J U LJ U U h 
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Figure 3-50. ALETInttng 



For optimum system performance and compatibility with multi-processor Multibus systems, the address 
should be latched at the interface to each bus. As shown in Figure 3-51, systems that use both buffered 
local and public system buses can have separate address buses with separate latches and Controllers 
for each bus. The 100 pf maximum capacitance drive specification of the 80286 allows at least five 
sets^tf -acUfacss^ latches.to b e cwMW Cted t o the add ra gg > wite «te rf tiie g Q 2»fe — 



Address Decoding 



■~j r 



1 



Address decoding in an iAPX 286 system can be performed between the time that the address is 
generated at the CPU pins and the rising edge of ALE. At least 68 ns exist for an 8-Mhz system for 
this address decode logic to operate and produce a select output from the latches with the same timing 
as addresses. Such decode time comes free since it does not delay when a device can respond to an 
address. Select signals decoded from CPU address pins mv^ ^ lathed to fluarantee that they will 
remain stable for tSSi'dta^dMof the bus cycle. ' f: j *. i 

Decoded select signals that drive th&jC£NL input t6.the»BuftjContr^U^ or--tW SYSB/RESB input to 
the Bus Arbiter do not need to be latched (both the Bus Controller aad Bus Arbiter latch these signals 
internally). 



|NON-LATCHED CHIP SELECTS 

I _ 

Figure 3-52 shows an example circuit that decodes the^ddreM,^M/IO=(), ^nd COD/INTA=0 signals 
to provide non-latched CENL and SYSB/RESB selects for the fius Controller and Bus Arbiter and 
additional non-latched selects to other devices in the system . The example assumes two system buses 
mth.aU interrupt& im.bus JLJOie.^ COD/INTA signals are used-to-enable bus #1 during 

interrupt-^clmowledge cyclesi(tlMta4rtqiiicNia<liW(ra-*l^iM«^^ cycles). 
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Figure 3-S1. Dual Address Bus System 
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Set-up time for the Bus Controller CENL input is 20 ns before the start of T,, (assum ing that commands 
are not delayed). This means that the time from A23-A0, M/IO, and C OD/INTA active to CENL is 
107.5 ns max. To meet th e set-up time fo r the B us Arbiter SYS/RESB input* the time from A23-A0, 
M/ro, and COD/INTA adtiV^cT^^S^SB/i^B is 127.5 faS«ttUifll»lfif; Since t*e same PROM output 
tanit iaetk'b«Ah1^i!a6>ieqvi^m^ fRGMmiit^ll^sm&icm^ti^'^ 107^ As^dt less. 

To accommodate the timing requir^oents for individual devices, the 82288 Bus Controller has a 
CMDLY input to delay the leading edge of commands from the Bus Controller by one or more CLK 
cycles. Typical devices require zero or one command delays. This CMDLY (Command Delay) input 
to the Bus Controller is described in a previous section. 

The CMDLY signal is typically generated by address-decode logic, and is not latched either externally 
or by the 82288. The same address-decoding techniques used for other non-latched selects can be used 
to generate zero or more command delays for individual devices or ranges of^addresses^ F^iire>3>45 
shown previously illustrates a method for generating zero- or one-CLK command delays based on a 
non-latched output from an address-decode PROM gated with ALE. 

LATbHfiD CHi# ^liiCT^' *!<l"'-J^ algnie s larijsdw bne sud : 

Most memory and peripheral devices require a stable device-select signal that can be provided only by 
latched chip-selects. Latched chip-selects can easily be generated by adding latches to the outputs of 
decode logic shown in Figure 3-52. 8282/8283 or TTL devices can latch the selects in response to the 
ALE |i|j^ from ^tteM^.^ "X l":-V-''-'",V.".". " ■ " . 

Figure 3-53 shows an example of a circuit that latches chip-selects. The timing for latched chip-selects 
differs from that of non-latched selects. Since ALE goes high only 68 ns after the 80286 address is 
valid, the address-decode PROM must have an access time of less than 68 ns to prevent the chip-select 
outputs from changing after being passed through the latches. 
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Strobe (ALE) going low, so a PROM with a maximum access time of up to 1 30 ns may actually 
be used. To provide sufficient set-up times from chip-select to command-active, however, commands 
from the Bus Controller may have to be delayed one CLK cycle when using this technique. By delaying 
commands one CLK cycle, the same circuit can be used with a gain of up to 62.5 ns in additional set- 
up time from ©hip-fldfecttw 0oiBmaBdaetiye<: ■ :-.--r - ^ 1 

Depending on speed, cost,, and available board space, the designer inay substitute prpgr^med arr^y 
logic or discrete TTL logic for the PROM to dei^^)^^it<m^dif»#t^l^eB|fc^ii£jp|f fip^ 802%^ 
addresses. 



E)ata Bus Interface 



•.iivtt) i!5'.;r vibri in'' 



Since the 80286 provides separate 'address and data pins, demultiplexing of the data bus is unneces' 
sary. The design considerations for connecting devices to the iAPX 286 local bus are whether or not to 
buffer the data bus and whether a single or double level of buffering is required for the intended 
application. 

In general, buffering of the data bus is required for memory devices with OE t to data-bus-float times 
of 42 OS or more (to avoid contention with the 80286 during back-to-back read-write cycles). Most 
memory and I/O devices will therefore require buffering of the data bus. Unbuffered devices must not 
present a load exceeding the CPU's maximum drive capability of 3.0 mA with a capacitive loading of 
100 pF. 

A major concern in both buffered and non-buffered systems is the contention on the data bus that 
occurs when one device begins driving the bus before the previously-selected device has disabled its 
output drivers. Devices that have separate chip-select and output-enable or read inputs provide one 
solution to this problem. The output-enable signal can be driven by the Read command signal (see 
Figure 3-54) to assure that the output drivers are not enabled during write cycles and the read command 
can be delayed one CLK cycle to prevent any overlap between output drivers of two peripheral devices! 
Delaying commands may already be necessary for some devices to provide the necessary chip-select tO 
jcommand-active set-up time. i 
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-Fieure 3-54. Devices With Output Enables oiul 
. . Non-Buffered Data Bus 
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(Figure 3-55). The chip-select in this circuit is gated with Read and Write. The tradeoffs with this 
method include (1) chip select time is reduced to the read access time for reads and (2) no time is 
allowed for chip-select to write-command set-up and (3) no hold time from CS high or WE high for 
writes. Designers should check the device specifications to verify whether or not these tradeoffs create 
a problem for a specific case. In general, devices with separate OjUtput-enables are preferred. 

To satisfy the capacitive loading and drive requirements of larger systems, the data bus must be buffered. 
The 8286 non-inverting and 8287 inverting octal transceivers satisfy the buffer requirements of most 
larger systems. 8286/8287 transceivers have three-state output buffers that drive 32 mA on the bus 
interface and 10 mA on the CPU interface and can switch capacitive loads of 300 pF on the bus 
interface (Side B) and 1 00 p F on the CPU interface (Side A) in 22 ns (8287) or 30 ns (8286). As 
shown in Figure 3-56, the and T inputs to the transceivers, are driven by DEN and DT/R from the 
82288 Bus Contr oller. DEN enables the devices, while DT/R controls the iiirection of ditta through 
the devices. The DISABLE term is used if any other device may drive local data bus (i.e., 80287) 
instead of data transceivers. Chapter Six describes using the 80287 in an iAPX 286/20 system, and 
^describes how to control the \o(al data transceivers. i 

' ! 
For applications that require separate system buses, two or more sets of transceivemiean b^ connected 
to the 80286 data pins. Figure 3-57 shows a configuration having two separate buses. Each bus has its 
own 82288 Bus Controller to control its own set of data transceivers. Since the address-decode logic 
selects one bus at a time, only one of the two DEN signals will ever be active at any time during a rea^ 
cycle. ^ . 
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Figure 3-56. Buffering the Data Bua 
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Another alternative when implementing a data bus is to add a second level of buffering, reducing the 
load seen by peripheral devices connected to the system bus (Figure 3-58). Double-buffering is typically 
used for multi-board systems and isolation of memory arrays. The concerns with this configuration are 
the additional delay for access, and more importantly, control of the second level of transceivers in 
relationship to the system bus and the device being interfaced to the system bus. Several techniques 
can be used to control these transcmvers. 

The first technique (shown in Figure 3-59) simply distributed DEN and DT/R throughout the system. 
DT/R is inverted to provide proper direction control for the second level transceivers, since sides A 
and B were reversed. The second example (shown in Figure 3-60) provides control for d evic es with 
output enables. The buffers are selected whenever the device on the locaLl:^i8 selected. RD directs 
the data to the local bus device during read cycles. ' 

Bus contention on the local bus is possible during a read as RD simultaneou sly e nables the de vice 
output and changes the transceiver direction. Contention may also occur when RD terminates. If OE 
was active before T changes, then the output is the same as the inpi|t» ^i^ao contention. To eliminate 
such contention, it is necessary to sequence T and OE. 

For devices without output enables, the same technique can be applied if the chip select to the device 
is conditioned by read or write signals (see Figure 3-61). Controlling the chip select with read/write 
prevents the device from driving against the transceiver prior to the command being received. This 
technique limits access time to read/write time and chip^ect tO-«ritaie^^> and hold times. 
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Figure 3-59. Controlling System Transceivers 
with DEN and DT/R 
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Figure 3-61. Buffering Devices without OE/RD and with 
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One last technique is given for devices with separate inputs and outputs (see Figure 3-62). Separate 
receivers and drivers are provided, rather than a single transceiver. The receiver is always enabled 
while the bus driver is controlled by RD and chip-select. The only possibility for bus contention in this 
system occurs as multiple devices on each line of the local read bus are enabled and disabled during 
chip selection changes. i 

other B'^fPjejfr'tJJty^fM^ -UJX^ „ i 

The 80286 provides on-chip arbitration logic that supports a^pr^ocol for transferring control of the 
local bus to, other bus masters. This protocol is implemented by a pair of handshake signals called hold 
(HOLD) and hold acknowledge (HLDA). The sequence of signals shown in Figures 3-63 and 3-64 
illustrate this protocol. To gain control of the local bus, the requesting bus master asserts an active 
high signal on the 80286 HOLD input (Figure 3-63). This HOLD input need not be synchronous to 
the 80286 CLK. . „. 



When HOLD is asserted, the 80286 completes the current bus sequence and then tri-states all bus 
outputs (except HLDA) to effectively remove itself from the local bus. The 80286 then drives HLDA 
high to signal the requesting bus master that it now has control of < j^fj^ itfc,The^!iBquesting bus mastef 
must maintain a high on the HOLD line until it no longer requires the lo(^l bus. ' 

The hold request to the CPU affects the 8(^ UfflftBt3Ta!feetty31Rroiily indirectly affects th^ 
other unit$: Th& Bitecmion UMtlSJBdntreS'to execute from the instraction queue until both the instruct 
tion queue and the pre-fetch queue are eaipty, or until an instruction is encountered that requires ^ 
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Figure 3-62. Buffering Devices without OE/RO and witii 
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Figure 3-63. Entarlfts th* Hold Slate 



bus cycle. When hold request is dropped, the bus unit will not drive the address, data, or status/control 
lines until a bus cycle is required. Since the CPU may still be executing pre-fetched instructions wheii 
HOLD drops, a period of time may pass when the CPU is not driving the bus. Internal pull-up resistors 
on the 82284 ST and 50 inputs make this time look like an idle cycle and prevent spurious commands 
from being issued. Figure 3-64 shows the sequence of signals for ^citing the hold state and immediately 
starting an 80286 bus cycle. 

To guarantee valid system operation, the designer must ensure that the requesting device does not 
assert control of the bus prior to the 80286 relinquishing control (no bus cycles should be performed 
^y the device until HLDA is received). The device must dso relinquish control of the bus (tri-state all 
joutputs to the bus) before the 80286 resumes driving the ius. j j 

As shown in Figure 3-65, the*l8iLDTj^^^iM^^e CPU must be-siablc 20 ns prior to the negativ* 
going edge of CLK at the start of a bus state (start of phase 1), and must remain stable for 20 ns after 
CLK goes low to guarantee recognition on that clock edge. This same set-up time is required wheii 
HOLD goes low to exit the hold state. j 

Since other- bu& masters such as DMA controllers are typically used in timcsfidtical applications, the 
amount of time that, a bus masti^r wmt W9it for $ip$e$$ to Jhe loCiybus^ s^lliSIf i<^tical design consid- 
eration. tuq)uO\>u<!nl «t8iftq«S 
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Figures^. Exiting the Hold State 

Figures 3-63 and 3-64 show the minimum possible latency for the 80286 CPU {IVi processor clocks 
from HOLD active to HLDA active and IVi processor clocks from HOLD inactive to HLDA in active). 

The maximum possible HOLD-active to HLDA-active time (HOLD latency) depends on the software 
l?^^ execute d. The actual HOLD latency at any time dep ends on the current bus activity, the state 
of 'the LOCK signal (internal to the CPU) activated by the LOCK prefix, and interrupts. The 80286 
will not honor a HOLD request until the current bus operation is complete. Table 3-5 shows the types 
of bus operations that can affect HOLD latency, and indicates the types of delays that, jl)ese ^f^^(ion$. 
may introduce. When considering maximum HOLD latencies, designfers must seieict>i^[^i,5^;thi^ Im»s 
operations are possible, and then select the maximum latency from among them. 

4^ Indicated in Table 3-5, wait states affect HOLD latency. The 80286 CPU will not honor a HOLD 
q^[^pt until the end of the current bus operation, no matter how many wait states are reqiiired. System^ 
With DMA where data transfer is criticaljp8p^ji^f^glp|c^^gy,!p|)ip^ .^-i 
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Table 3-5. Bus Operations Affecting HOLD Latency 



ByS Ope'f^tion 



Urtewy, In System CLK cycles 



Processor Extension Data transfer 
to Odd-Aligned Word 

Transfer to Odd-AHgr»ed MtoWl 

INTA Interrupt 

XCHG Word on Even Boundary 
XCHG Word on Odd Boundary 

LOCKed MOVS. INS, OUTS 



10 + 2W(i)CLKs 



10 + 2W CLKs 

11 + 2WCLKS 
17 + 4W CLKs 

8 + N(2)(4 + 2W) CLKs 



NOTES: 

(1) w = number of Wait states per cyde 

(2) N = number of transfers 



i bin. jvijsc AO. 



DMA CONFIGURATION 



A typical use of the HOLD/HLDA signals in an iAPX 286 system is bus control exchange with DMA 
controllers or I/O devices that perform DMA. Figure 3-66 shows a block-level inter-connect diagram 
for a "generic" DMA controller. The DMA controller resides on the local bus. This is probably the 
simplest DMA configuration possible with the 80286, but it requires that the DMA controller have an 
interface that functions like the 80286 local bus signals. . 

DMA controllers that do not have an 80286-Iilce interface may still be configured in an iAPX 286 
system at the systSiMlSus level' Figure 3-67 shows a general inter-conneCt diagram for this type of 
application. The CPU is totally isolated from the system bus iiii^WHke'^^ iUlUi.'^S iW^^^ 
controller must be compatible with the iAPX 286 system bus. *' s'^^iw - n.r,.- 
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Figure 3-66. DMA Controller on the Local Bus 



Initializing the lAPX 286 Processor 



The 80286 RESET input provides an orderly way to start or restart a system. When the processor 
detects the positive-going edge of a pulse on RESET, it terminates all activities until the signal goes 
low, at which time it initializes the CPU to a, known internal state; the CPU then begins fetching, 
instructions iEom-absdute sdiTess~¥¥¥W¥&A — — — ' 



80286 INTERNAL STATES 



When an active RESET sigUal goes low, the 80286 registers are initialized as shown in Table 3-6. The 
valid fields of the segment and description registers are set on, indicating valid segments. All privilege- 
level fields are set tp ze^o, ; 1 ; 



The RESET signal initializes the CPU in Real-Address mode, with the CS base register containing 
FFOOOOH and IP containing FFFOH. The first instruction fetch cycle following reset will be from the 
physical address formed by these two registers, i.e., from address FFFFFOH. This location will normally 
contain a JMP imtnic^ioh t@, the actual begimm^g of the system bootstrap program; ' 

For iAPX 286 systems to pj^erate in Protected Virtual-Address mode, the 80826 (executing in Real- 
Address mode) must enter Protected mode as p ^rt of the softwa re initializatibn routine. ^ j 
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Figure 3-67. DMA Controller on a Private System Bus 



Ta^!e,3-6. CPU State Following RESET 





X r ■ ■ ' ' ■ 






.. 'rjgPU ComKiliml'.'? 1;;. ifiir.! ,T--'<r,!: 






■■■ iCoiftertt 


Flags 






0002H 


MSW 






FFFOH 


IP 






FFFOH -fv. 


CS Selector 






FOOOH 


DS Selector 






OOOOH 


SS Selector , . 






OOOOH 


ES Selector 






OOOOH ... , 


CS Base 






FFOOOOH 


DS Base 






OOOOOOH 


88 Base 






OOOOOOH 


ES Base 






OOOOOOH 


CSUmit 






FFFFH 


■ ■■■ ■■ ' -"DSLfmlt ' ' • ' ; ■', 


(.''■ii'i''Ja'^ ' ■ 




" FFFFH , . . 






' FFFFH " 


ES Limit 






FFFFH 


IDT Base 






OOOOOOH 


IDT Limit , . . * , . , 






FFFFH 



210760-001 



THE lAPX 286 L0d&Ai»5T 



To accommodate an 80286 operating in both Real-Address mode and Protected mode, the EPROMs 
containing the system bootstrap program must answer to both a 20-bit and a 24-bit physical address. 
In Real-Address mode, the system bootstrap EPROMs must respond to addresses in the available 
1-Megabyte address space (ignoring the upper four address bits). In Protected mode, these same 
EPROMs typically respond to addresses only in the tap megabyte of the available 16-Megabyte address 
space (using the full 24-bit address). 



Figure 3-68 shows a circuit that permits this type of operation by generating one of the terms in the 
address-decode logic selecting the bootstrap EPROMs. This term inhibits the decoding of A23-A20 
after RESET, when the system runs in Real-A ddress mode. After entering Protected mode, the boots- 
trap program must strobe the PROTMO0E s%nal 
address space. 



to allow full use the available 16-Megabyte , 



80286 EXTERNAL SIGNALS 

At power-up, the 80286 CPU requires 5 milliseconds to allow the capacitor connected to the CAP pin 
to charge up. RESET should be asserted during this time to prevent spurious outputs. After power-up, 
the CPU requires a high on the RESET input with a minimum pulse width of 16 processor clocks. The 
processor is internally active for a minimum of SQ CLK cycles after RESET goes low before perform- 
ing the first memory cycle. Maskable and non-nuiskable interrupts (the INT and NMI inputs) are not 
recognized during the internal reset 



When RESET is driven high, the 80286 signals will ent^ the states 
for the signals during reset is shown in Figure 3-69. 



livable 3-7. The timing; 



The 80286 data bus lines enter the tri-state OFF condition when RESET is ac tive. If sy stem RESET 
occurs during a bus cycle, RESET forces the 82284 Clock Generator to drive READY low to termi- 
nate the bus cycle and reinitialize the 82288 Bus Controller. 

The 82284 Clock Generator contains internal pull-up resistors on its ^ and SO status inputs, causing 
the Bus Controller to interpret the 80286 RESET condition as an idle bus state. The outputs from the 
Bus Controller during an id^, $^t\^'slig«|& ii^TffbIei3^. ' \_y \_/ ~\ 
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Figure 3-68. Decoding Addresses In Both Real 
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Table 3-8. 82288 Command States During RESET 



Signal 


State 


ALE 
DEN 

DT/R 
MCE 

,.: i . J- Commands 


Logic 
Logic 
.J- "-ogicl 
Logic 

' '.1 _! . . r 



COD/if 




20ns 
"MIN 



mmmmmmm^^^^[jmmm^Ma ^> 



UNKNOWN 



60ns , 
MAX r* 
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Figure S-aab^iiatiBMMt Siding RESET 
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Note that the 82288 Bus Controller does not tri-state its command outputs' dtlfiii'g idle bus states. In a 
single CPU system, if the system designer wishes to effectively remove the 80286 CPU from the bus 
during RESET, the RESET signal can be connected to the 82288's MB input and to the output enable 
of the address latches (Figure 3-70). This forces the command and address bus interface into the tri- 
state OFF condition while the 82288 d/ives DEN inactive, disabli^jg the data bus transceivers. If the 
822S8 conunand outputs are-td-stated diiriag RESET^'-ttie command ^es\^6uld be pulted to V^c 
throug^2.2K ohm reMStorajto keep these signals in the HIGH state. . 



iAPX 286 Bus Timing 



Figure 3-71 shows the timing relationships of the Jimjor.iAPX 280 i^M^Jma^^ in this 

figure are the timing relationMps f^ ■ .ll.ij.:N'v\0'5; ' • - 



Address and ALE timing 
Command timing 



READY timing 
Read cycle timing 
Write cycle timing 



For most of these signals, timing is controlled by the system CLK signal. For this reason, the timing 
relationships between signals can be deduced simply by determining the clock cycles between the 
controlling clock edges, and adding or subtracting the appropriate minimum or maximum timing delays. 
Additional delays through aiiy transceivers or latches must also be c^^^^^ra determimng signal 
timing. 
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Figure 3-70. Oi^iflAg lha 80286 Buv!liitorta6»JBir;fieS£Tt'ji <uLido o: 
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Figure 3-71. iAPX 286 Local Bus Cycle Timing 

I ' i I r I 

One aspect of- system timing not compensated for by this method is the worst-case relationship between 
minimum and maximum parameter values (i.e., tracking relationships). For example, consider a signal 
that has specified minimum and maximum turn-on and turn-off delays. For MOS devices such as the 
iAPX 286 components, it is typically not possible for a device to simultaneously demonstrate a maximum 
turn-on and minimum turn-off delay even though worst-case analysis might imply the possibility. Because 
of this, worst-case analyses that mix both minimum and maximum delay parameters will typically 
exceed the worst-caseobtainable. Therefore, these analyses need not undergo further subjective degra- 
dation to obtain relliaia«ant-«aidi«tefcsi>€l mSiOe etti gnHdseia .OV-e «iu(;i i 



8370 



210760-001 



lUE iAEX.286tU>CAL BUS 



The following sections provide guidelines for analyzing the critical 80286 timing relationships for each 
of the signal groups described above. In these sections, an 8-MH2, 80286 is assumed (one system CLK 
«^ =r 62.S,ns). 8028$ prog«89(WiS;0W8i«ig;^t.«ihfR.fil<K;fcfe^»PBcies^^^ 
or longer values for each <rf thea* timhig relatioBsbipSf - ^ ■ ^ - '^<- - 1 ■. . 

For a more detailed discussion of local bus_ timing related specifically tc\ ^|;|erfs^i)Qj$_ memory and 
peripheral devices to the iAPX 286, sec i^tvgkea Four and Five.(,grn ) vslso '-o b : * 



ADDRESS AND ALE TIMING 

The address/ ALE timing relationship is important to determine the ability to ciptufe'kn address and 
local chip-selects during a bus cycle. The following discussion considers the standard bus timing using 
the ALE signal from the 82288 Bus Controller. Other design techniques having different timing 
relationships are described in Chapter Four. 

The maximum address valid delay ((13)n,ax ^ 60 ns) from the 80286 guarantees an address set-up 
time of at least 68 ns before ALE goes active, even assuming a minimum ALE active delay 
((2S)„,i„ = 3 ns). If we assume a maximum strobe to output delay. Jor the latches 
(STB-to-Output delay (max) = 4S ns for 8282 and 40.as for &28d); and a-nastiOiUft'ALE active dddy 
i{^5)mix^ -^^ as)^' then theiJatest a-vilid address will be avaiiiLMe at tfae^Qiit|)Ut& to the latches would 
be 5.5 ns before the start of T,. for the 8282 latch, and 10.5 ns for the<8283Jta»cii. ^r , < 

The minimum address hold time from ALE inactive (42.3^ ns) ^u^w|^.4,^ble.§d^re^ well 
after ALE goes low. The ALE and latphed adidVess UpU.ti^^i^g^ftia^m^ '^ Ya^ii ad|^^, to ll^' sys^m 
for, a niinimum 0/ 50 ns after command inactive. 

W&te that the maximum valid delay and minimum hold time for BHE guarantee that it will be latched 
bj^'ALE and will be available tO' the system at the same time and for the same duration as the latched 

ALE may also be used to capture latched chip-selects for local memory or I/O. To provide valid selects 




3 CLK cycles at 8 MHz 187^ ns 

— Address valid delay (max) — ©oS ns 

— ALE inactive delay (min) — OCO ns 

— Input-to-STB setup time (min) — 0.0 ns 



Decoding should be performed sooner if a device select is required befone a command signal goes 
active. Latched chip-selects are described in a previous section. 

OHilMIT 3JOY.:> KlAS:^ 

COMMAND TIMING 

Command timing in Figure 3-71 is shown for an MRDC command with no delays, and for an MWTC 
command with 1 delay. Commands are typically delayed using the 82288 CMDLY input to provide a 
longer time from address and chip-select valid to command active, Xhc use of CMPLY was discussed 
in a previous section. Note that delaytog a command does not !Wlill^tflri}y:itef®fem$l^kP$^<^et.i: 
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Il^lt^l _ _ _^-^-(™ ...^...........^.1. luiii-uii aiiu tuiii-oli lime lor commands are 

identical (Command delay (min) = 3 ns), and maximum turn-on and turn-off times are also the same 
(Command delay (max) = 20 ns). Thus, the minimum command pulse width is: 



"■ 2 CLK cycles at 8 MHz b:; -.i-j . i, ,:, ]25 ns ' ■, ' 

— Command turn-on delay (max) ' ' - ' ' 20 ns ■'■■'-:> . 

+ Command turn-off delay (min) + 3 ns 

Minimum Command Pulse Width = 108 ns 

with no delay and 45. S ns with 1 delay. These command pulse widths are increased by 125 ns (2 CLK 
cycles) fQc eaf^ wgit §tatf «}5grl§d jpto a, b^^ 

READY TIMING 

The detailed requirements of the 80286 READY signal and the Ready inputs for the' 82284 were 

described in an earlier section. The 82284 Ready inputs are typically generated from the decoded 
address for a selected device, or address decode and comman d signal s. R eady tim ing is shown for 
wait state execution to illustrate the relationship of the 82284 ARDY and SRDY input requirements 
with respect to address decode outputs and command signals. 



Outputs from address decode logic can easily meet the ARDY or SRDY input requirements. ARDY 
obviously cannot be qualified by a command signal, however, even when the command is not delayed. 
A command with no delay will meet the set-up requirements of SRDY. Once the maximum command 
active delay of 25 ns and the minimum SRDY set-up time of 20 ns are subt racted f rom phase 1 of the 
T(. clock cycle (62.5 ns), 17.5 ns remains for external logic to generate the SRDY signal. Commands 
\yi^h p or,,l d%la(S;§,5^^be:^se^ito;ausyiify^^^ more 
wait states. Assuming the maximum command active delays, the external logic times for zero or one 
wait state operation at 8 MHz are as follows: 



_ , -j/i , External External 

Dlput' Tiiiir Time «%Slf ±x: Umi^ 



OCmd Delay itSdfllietky 



ARDY ns '''''MM 100 ns 



37.5 ns 

SRDY 20 ns 0ns 142.5 ns . ; ,^80^ 

An additional 125 ns (2 CLK cycles) a^iMA to external logic tini^K^!*^kdait^il««Sit*1^te. 

READ CYCLE TIMING 



Read timing consists of conditioning the bus, activating the read command, and establishing the data 
transceiver enable and direction controls. Figure 3-71 shows read timing for a CPU running with 
wait states. During a read, the latched address is available to the system a minimum of 2.5 IB before 
the start of Tg, or 7.5 ns before command aetftftfJ'The i«ttd ^iriMliid%'dmen active eaiiy in T^ to 
enabte'tSe addresM'€levice.'DT/K isako 

and-'bENtMeil edffitei^e tkiitilfClMiiK ">-'-'i-' bnismniov 'jt-.i-iA^t Jari) »)o/' /aot.- , 
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Data from the selected device must be valid at the CPU 10 ns before the end of and must hold 
valid !' r 5 ns after Tg. Any propagation delay through data transceivers must also be considered. 
Maximum input to output delay through the 8286 transceiver is 30 ns; maximum del^y, ttirpugh.tb$. 
8287 is 22 ns. This results in the following minimum address valid to data valid time (using 8286 non- 
inverting transceivers): - ' iii. .Vi> ... 

. ...y '-mil 

3 CLK cycles at 8 MHz -■:^'^.V jgj 5 ' ',.1.7 .r 

— ALE active delay (max) — 15.0 ns 

- 8282 STB-to-output delay (max) - -45.0 ns 
8286 transceiver delay (max) — 30.0 ns . 



— Read data setup (min) < — 10.0 ns 

Minimum Address access time = 87.5 ns 



Minimum command active to read data valid time is 90 ns. These timing relationships increase by 125 
ns for each wait state added to the bus cycle, as follows: 



Minimum Times 

Address valid 
to Buffered Data 
Valid (using 8286) 

Address valid 
to Data valid 
(unbuffered) 

CMD active to 
Data Valid 



OWait 
States 

87.5 ns 



117.5 ns 
90 ns 



1 Wait 
State 



2 Wait 
States 



112,3 m ,. j ,^J;;337,^,,JJS, 

242.5 ns 367.5 ns 

-u badiioiiab n5s<) 'y.'K-j-'. 



215 ns 



340 ns 



3 Wait 
States 

462.5 ns 



492.5 ns 

"CI,. ' 

465 ns 



Note that the Address-valid to buffered-data-valid times assume an 8286 device; for the inverting 
8287, these minimum times can be increased by 8 ns each. 



WRITE CYCLE TIMING - u s. I ; -ir 

Write timing involves providing write data to the system,' derating the write command, and control- 
ling data bus transceivers. Figure 3-71 shows write timing for a CPU running with wait states. The 
transceiver direction control signal DT/R is_conditioned to transmit at the end of each read cycle and 
does not change during a write cycle (DT/R is shown going high after a read). Data is placed on the 
data bus and DEN is driven active early in the bus cycle. Write data is guaranteed to be valid before 
the start of (12.5 ns min), and before the write command becomes active (17.5 ns min). The write 
command is enabled early in T^. Following is minimum time from write data validij{|iAlxifhe'4aj^^ 
latched into the system device (command inactive): ■ :.i : i j v r>c; ov/j sri i 

3 CLK cycles at 8 MHz 1 87.5 ns 

^ Write-^ata valid delay (max) — 50 ns 

Command inactive delay (min) + 3.0 ns 
Minimum write data access time = 140.5 ns a: rv. 1 . .grMio 1. : - 
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Write command pulse width is 108 ns ituMintim. Data is held valid for a minimum of 37.5 ns after the 
write command goes inactive. Alt of these timii% relationships increase 125 iki for added wait 
statev'asfdllbW^^ ■;-.'-t.ii! ■■ - .... /,■ ■ ■';]/: 



Tuae 


Wait 
States 


1 Wait 
State 


2 Wait , 
States 


: . 3 Wait 
States 


Data Valid to 

CMD inactive 


142.5 ns 


267.5 ns 


392.5 ns 


517.5 ns 


Address valid 
to CMD inactive 


132.5 ns 


257.5 ns 


382.5 ns 


507.5 ns 


Command Pulse 
Width 




233 ns 


358 88 


473 ns 



Of course, any propagation delays through data transceivers should be considered when finding the 
actual data set-up times for the system device being written to. The maximum input to output delay 
through the 8286 data transceiver is 30 ns; maximum delay through the inverting 8287 is 22 ns. 



INTERRUPT-ACKNOWLEDGE TIMING 

Timing for an intem ip t-ackno wledge cycle is identical to a read, wkh the INTA command being issued 
instead of MRDC or lORC. The MCE signal is also issued during an interrupt-acknowledge cycle, 
going high following the start of Phase 2 of Ts during th e first INTA cycle, and falling low during 
Phase 2 of the final T,. of the cycle. The two back-to-back INTA cycles required to complete an inter- 
rupt-acknowledge sequence have be^ described in an earlier secticm. 

Physical Design Considerations 

When designing a system using the 80286 processor, the physical design considerations include the 
connection and decoupling of power, ground, and the 80286 CAP pin, and physical provisions fof 
debugging with an oscilloscope, logic analyzer, or Intel Integrated In-Circuit Emulator (I^ICE). 

The 80286 processor is packaged in either a JEDEC-approved 68-pin leadless chip carrier, or in a Pin 
Grid Array package. Figure 3-72 shows the pin configurations for both the p&d/^j^ti'W^^i^MMemie 
of the component when mounted on a PC board) and the top view (the top of the component when 
mounted on a PC board). The footprint of the Pin Grid Array package is identical to that of the socket 
the leadless chip carrier, as shown in the figure. 



POWER, GROUND, AND CAP CONNECTIONS 

As shown in Figure 3-73, the 80286 processor has two power pins and three ground pin connections. 
The two power pins must be connected to + 5 volts; all three ground pifls^giustbe coniej;tp4;t9. yplts. 
A 0.1 low-impedance decoupling capacitor should be connected between power knd ground. This 
capacitor should be located as close as possible to the CPU socket. 

The power and ground connections from the power supply to the CPU should be as low impedance and 
inductance as practically possible. Large surge currents are possible, for ejiample, when all 24 address 
outputs change at once. K-i ^ Bit . i 
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BOTTOM VIEW 
68-PIN JEDEC SOCKET PIN CONFIGURATION 



NOTE: N.C. PADS MUST NOT BE CONNECTED. 



Figure 3-72. 80286 Pin Conflguratlon 
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Figure 3-73. Required P^«>wer, GroMili^aiMl CA^rGoiUMCt : * i 

A OAlfiF ± 20% 12V capacitor must be connected between the 80286 CAP pin and ground. This 
capacitor filters the output of the internal substrate bias generatosr,.^ jpaximiun leafeige current of 1 , 
mA is allowed through the capacitor. I 



DEBUGGING CONSIDERATIONS 



The 68-pin JEDEC socket does not allow for direct access to the pins of the CPU using an oscilloscope 
or logic analyzer probe. Most of the CPU signals are accessible on the DIP leads of the latches, trans- 
ceivers, and the Bus Controller. To allow convenient access to the signals directly at the CPU, however, 
physical debugging aids should be provided in the PC board layout. 

Solder pads located around the CPU package and labelled with the signal name provide the easiest 
and most inexpensive solution to access by a scope probe. To allow probes to be temporarily attached 

(clipped) to the signal, terminal posts should be soldered into holes at the solder pad locations 
(Figure 3-74). These terminal posts allow easy attachment of oscilloscope and logic analyzer probes. 

When using Intel's PICE as a debugging tool, the designer must also make provisions for connecting 
the 80286 probe cable to the CPU socket. Figure 3-75 shows the requirements to physically support 
debugging with PICE. The 80286 probe exits the socket on the side corresponding to pins 18-34 of the 
CPU package (the 80286 component is installed upside down ia tb&sodce^. A Texttool 268-S400 or 
similar socket is recommended for ICE access. The texttool lid must allow access to the socket by the 
ICE cables. At least one inch of space must be provided on that ^de of the socket to allow the probe 
cable to fan away from the board. DIP packages soldered to the printed circuit board probably will 
not interfere with the cable on the 80286 probe. High profile devices or devices installed in socket may 
interfere with the cable and should not be located near that side of the CPU packages | 



THE iLBX BUS— A HIGH-PERFORMANCE LOCAL |US STANDARD 

The iLBX bus is a high-performance bus interface standard that permits the modular expansion of| 
iAPX 286 systems by simply adding additional boards containing' pi^i«^, l/0<subs){stems, and other 
peripheral devices or controllers to the iAPX 286 local bus. 

The iLBX Local Bus Expansion standard is described in the iLBX Bus Specification, Order Number 
r4JF455."RSvnBr' " -i 
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Figure 3-75. l^iCE™ Probe Cabling Requirement* 
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MEMORY INTERFACING 

^rjiT"", ■ • • , ,.< ... : , 

;.■ |- 

This chajplter provides guideliii'es for designing memory subsystems for the iAPX 286. 

One of the principal considerations in designing memory subsystems for the iAPX 286 is the effect of 
memory performance on the performance oF the overall i'APX 286'S5«tem.' In this chapter, the perform- 
ance implications of specific memory designs are examined in detail: 

• In the first section of this chapter, the tradeoff between system performance and memory cost is 
examined in detail. The important relationships to consider are the relationship of system perform- 
ance to memory performance, mettMf'iM&fkMU%^%kAk^^^^ B.M, niMif ]%tmoty 
device speed to memory cost. 

• The second section uses benchmark test results to identify the actual relationship between memory 
performance (measured by the number of required wait states) and overall system performance. 
The impact of wait states on overall system performance is not as severe as you might initially 
expect. 

• In the third section, several memory interface techniques are introduced to show that memory system 
performance is determined as much by the memory system design as it is by the actual speed of the 
memory devices used. Specifically, two interface techniq|^,qjiC|^ jas^^to S^i" incr^se^ Bjemdry 
performance while using relatively slow memories. 

• The fourth section contains a detailed timing analysis of the three memory interface techniques 
introduced in the previous section. 

• The fifth section of this chapter contains spfecific details for interfacing common types of memory 
devices to the iAPX 286. ROMs, static RAMs, and pseudo-static RAMs are described, as well as 



MEMORY SPEED VS. PERFORMANCE AND COST 

In a high-performance microprocessing system, overall system performance is linked very closely with 
the performance of its memory subsystems. Memory is used for program storage, and for the storage 
of data and information used in processing. The vast majority of ^iw operations in a typical micropro- 
cessing system are operations to or from memory. 

It makes little sense to couple a high-performance CPU with low-performance memory; a high- 
performance CPU running in a system with a large number of wait states provides no better throughput 
than a, low^performance processor, and is certainly more expensive. To realize the performance poten- 
tial of the 80286 CPU, it is imperative that the CPU be coupled to relatively fast memory. 

At the same time, however, fast memory devices are more expensive than slower memory devices. In 
a system such as the iAPX 286 supporting up to sixteen megabytes of addressable memory, it is clear 
that providing a large physical memory space using the fastest available mefliory devices would result 
in an exceedingly costly design. 

This cost/performance tradeoff can be mediated to some extent by partitioning functions and using a 
combination of both fast and slow memories. Locating the most frequently-used functions in fast memory 
and the less-used functions in slower memory will reduce costs over a system that uses fast memory 
throughout. For example, in a RAM-based syi^^ that atef^l«fi^^il^«vii6es|*liW#f4u 
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initialization, the PROM/EPROM can be veiy -slow (3-4 wait states) with little affect on system 
performance. RAM memory can also be partitioned into fast local memory and slower system memory. 

It is clear, then, that designers must strike a balance between system performance and system costs, 
and that the choice of memory subsystems is the balancing factor. In order to intelligently tradeoff 
cost versus performance, however, it is useful to examine the principle relationships that make up this 
balance. 

Three relationisUps tie 1|9g^tii^,syst6mcos1|ai|4 . 

1. System performance as a function meinoiy peii^^ i i " ■- 

2. Memory performance as a function of memory subsystem design and memory device speed 

3. Mpniory 4eyi^ spe^^sij>^9^^J%5^^ 



System Performance and Memory Performance 

System performance measures the speed at which the microprocessing system performs a given task 
or set of instructions. Memory performance measures the speed at which the microprocessor can access 
or store a single item of information into memory. To accommodate slower memories, wait states can 
be inserted into the 80286 bus cycle. A less-common alternative is to use a slower clock frequency for 
the iOiM, t^Mh^'ltngMiiiigm'^iWisiis cycle. 

Each wait state that is inserted into a bus operation represents a 50% increase in bus cycle time over 
zero-wait-state operation. Although at first glance you might expect memory performance and overall 
system performance to track each other in a one-to-one relationship, this is not actually the case. 

As explained in the following sectioit,the ioeosag^d/bMx^de time for each additional wait state results 
in an average increase of only 25% in overall CPU execution time, rather than the 50% increase that 
simple hand calculations might predict. Benchmark tests reveal that overall CPU execution time 
increases by about 25% over zero-wait operation when running with 1 wait state, and an additional 25% 
over zero-wait operation for each additional wait state. The following section of this chapter explains 
the architectural and operational characteristics of the 80286 which reduce the effect of wait states on 
system performance. 

The 80286 clobk frequency is tfirectly reiate<t'to system performance; execution time increases in direct 
proportion to the increase in clock period, or the reduction in clock frequency. A 6-MHz 80286 requires 
33 percent more time to execute a program than an 8 MHz 80286 operating with the same number of 
wait states. Since a slower clock frequency increases the 80286 bus cycle times, however, fewer wait 
states may be required to accommodate slow memory devices. A slight reduction in clock frequency 
may actually increase system performance in some instances if the slower clock allows the same memories 
to be used with fewer wait states. 



Memory Speed and Memory Performance 

The relationship between memory subsystem performance and the speed of individual memory devices 
is determined by the design of the memory subsystem. A later section of this chapter describes several 
design alternatives that permit relatively high-performance memory subsystems to be designed using 
relatively slower memory devices. These design alternatives include the use of special address strobe 
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Special address strobe logic can be used in place of the 82288 ALE signal to generate a valid address 
to the memory subsystem earlier in the 80286 bus cycle. This technique results^n an increased memory 
access time, permitting the use of slower memories without requiring additional wait states. 

Interleaving memory access between two or more banks of memory devices can also increase the memory 
access time for most bus cycles. Using interleaved memory, memory devices are grouped into banks so 
that each sequential fetch comes from the next memory bank. In a memory system partitioned into 
four memory banks, for example, a program that fetches four 16-bit words from consecutive addresses 
actually fetches one word from each bank. The early address generated by the CPU can be latched 
and made available to the next memory bank while the address for the previous cycle is still valid for 
the previously-selected memory bank. These memory interface techniques are described in more detail 
later in this chapter. . „ . 

, ' '•; ' 'i c-.i.-: ' 'IJ.7; ) emiT ^■-•■.ilfirmc < 

iAPX 286 SYSTEM PERFORMANCE WITH WAIT STATES 

The iAPX 286 system supports wait states in the 80286 bus cycle to allow the use of slower memory 
and peripheral devices. These wait states extend the time required to p^f^m-4ndi¥id)tal-bus opera" 
tions, however, and so directly influence iAPX 286 system performance. 

Wait states^ extend the 80286 bus cycle by adding an addition^ T^ |ta^e /oj^a$h wait sti^te desju-ed. 
For an 8>MHz 80286, each wait state adds an additioiMHiS ns'(an increase oif 50%) to the minimum 
bus cycle time of 250 ns. An 80286 CPU running with one wait state executes a bus cydB iir^5 ns, 
compared with the 250 ns required when operating with zero wait states. " * 

Calculating performance degradation from this figure alone, however, will lead to overly-pessimistic 
results. On average, benchmark tests show that each wait state adds an additional 25% of the zero-wait 
execution time to the overall execution time of a task. Simpe hand calculations would predict an 
increase df 50% over the zero-wait ei^ecui^on Ume for eich Wait sta^: '^ i .i 1, 

Table 4-1 sliows the results of benchnnkrk tests using four Pascal benchmails'ahd five assembly-language 
benchmark programs. These benchmarks were executed on an iAPX 286 system operating with from 
zero to four wait states. The Pascal benchmarks averaged a 23% increase in execution time for each 
additional wait state, while the assembly-language benchmarks showed an average 20% increase in 
execution time for each additional wait state. 

Explaining the Benchmark Results 

As shown in the benchmark results in Table 4-1, the effect of wait states on iAPX 286 performance 
varies with the nature of the program that is executing and the types of bus cycles being performed. 
The pipelining within the 80286 CPU sometimes causes idle bus cycles while the CPU is executing 
prefetched instructions, and no other bus operations are requested. Wait states reduce the number of 
these idle bus cycles and, on average, do not produce as severe a degradation in performance as simple 
performance calculations might predict. 

The characteristics of an individual program are important in determining processor performance with 
wait states. For example, when the CPU is executing a program containing many multiplication and 
division operations, performance is not degraded significantly by wait states. This is because processor 
perfonnanceisliiaitedtoy prOBeKta$^|)e«Aattlr^bpti«i^M ^"-"l.;; ji .t.imi&t^.k: t 

During program ext^tion, tl^e Spt2#,6 JBus Umt y/fii prefetch instructions and fill the instruction and, 
prefetch <m^P^J^mf^9rstp^wm^^9(}m m fil<>Pk.fiyfites,j8feea49^ executl^ ^jOpcuj 
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Benchmark 


Performance 


Wait 
States 


1 Wait 
State 


2 Walt 
States 


3 Wait 
States 


4 Wait 
States 


Queens 


Tlme(s) ^ 


7.19 

, , tl Ji) 


9.224 


11.496 


14.43 
(2<P) 


17.2 
(2.4) 




Time (s) 

Normalized Time 


12.13 
(1.0) 


14.665 
(1.21) 


16.87 
(1 .38) 


20.48 
(1.69) 


24.23 
(2.0) 


Bubble 
Sort 


Time (s) 

Normalized Time 


5.587 


7.586 

n 36i 


9.74 
(1.74) 


11.83 
(2.12) 


14.64 
(2.62) 


Matrix 
Mult. 


Time (s) 

Normalized Time • 


6.92 
(1.8) 


7.607 

■ 


9,12 
< ' (1 .<3^ ' 


11.08 


13.33 


Average Normallied Time: 


(1.0) 


(1.23) 


(1.51) 


(1.85) 


(2.23) 


Intel Assembly-Language Benchmarks 


Program 


Performance 


Wait 
States 


1 Wait 
State 


2 Walt 
States 


3 Walt 
States 


PCALL 


Time (us) 
Normalized Hr^' 


17.0 
(1.0) ' 


21.38 
(T.^J 


27.50 
(1.62) 


33.25 
(1.96) 


BSORT 


Time (us) 
Normalized Time 


494.0 
(1.0) 


633.0 
(1.28) 


778.0 
(1.58) 


946.0 
(1.92) 


XIM ,i 


Time (us) 
Normalized Time 


415.0 
(1.0) 


466.0 
(1.12) 


565.0 
(1.36) 


698.0 
(1.68) 


XFORM 


Time (ms) 
Normalized Time 


285.0 
(1.0) 


317.0 
(1.12) 


346.0 
(1.22) 


385.0 
(1.35) 


INSPECT 


Time (ms) 
Normalized Time 


217.0 
(10) 


254.0 
(1.17) 


289.0 
(1.33) 


346.0 
(1.59) 


Average Normalized Time: 


(1.0) 


(1.19) 


(1.42) 


(1.70) 



when the bus would otherwise be idle. Any wait states in tfi^ii^^ilM'fl(ife't^<^'*tt-'Wst Usuallf 
delay program execution. 

On the other hand, a program that makes extensive use of the bus for manipulating data will show 
greater degradation in performance when wait states are introduced. Programs that use many data 

Since data read operations are performed in response to an executing instruction, the Execution Unit 
must wait for the data to be read. Therefore, any delay in reading the data will have a direct impact 
on system performance. Each wait state will add an additional processor clock cycle to the execution 
time of the current instruction. Word data read from odd addresses will result in two back-to-back byte 
read operations, resulting in twice the delay before completion of the read instruction. 

Data write operations are performed by the 80286 Bus Unit fftun jnformation istored in temfmraiy data 
aiid addt^feg^^^The Bjlt^tiofttinitirts t&eii'^iM{)cd^f^^^£rnd'c6itMilues 6xei^ti% Because 
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the Execution unit is not delayed, isolated data write operations with several wait states will not affect 
system performance. 

Wait states in the write operation imyi4!im ^^>S^^^^^^^^fi(^^ 

however. If several back-to-baek dat^ vfeite cf>eTatipns are performed, the 80286 Execution unit may 
have to wait for the Bus unit to finish before performing the next data write. Word writes, to odd 
addresses will result in twice the number oi ddays as for word writes to even addresses. 

Since the nature of the program has a direct impact on the performance of the iAPX 286 with one or 
more wait states, any estimate of CPU performance must take this information into account. The best 
estimates can be made by using the results tabulated for a benchmark program with characteristics 
most closely matching those of the intended application. The only way to obtain a precise figure for a 
particular application is to run that application and measure its performance. 

,«J«toq Mt.dl sdJlo dotis lo'^ bt)m-tol'i9<i -.Si.-ib ud-fii i.no ms 
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The Intel Pascal Benchmarks 

The:<Pascal benchmark results showiQ in Table 4-1 reflect the.pcirfjorsaance of an 80286 operating in 
Real-Address mode. These brachtngfk$ .^^Ccwritten in Pa8cal!tM#ie6iti{>iled ffising Intel's Pascal-86 
compiler version 2.0. The benchmarks themselves are described in the iAPX 86 System Benchmark 
Report, Order Number 210352. The following paragraphs give a brief description of the 
Intel Pascal benchmarks. 

■- ■ ■ } .-, Jj,'i\: if.,!. .)n>3:'itL> ' . ^. ■ • ' -■ '- j 

QUEENS (Chess Slniulation)>bio gnibn^j.'iit ni c>::>%ni;i-ii< /iLfiiJiRi dii> jiid.< - l z\-AS3m'j v rii; 

The Intel Queens benchmark lists all possible combinations of non-attacking queens on a 9 X 9 chess- 
board. This program tests control structures and boolean evaluations, and evaluates the code generated 
for certain ponunanly-used statements (A = A -H 1, for example). . ; . 

: .'-J... .)!■ /. UjH-u .,..11 ~ r' .. -ii/jliu jo;;j,u:.- liC-oi s: M ■ 

This Intel program computes the greatest common denominator of two integers using a recursive function 
call. Function overhead and the MOD operator are tested by this bei^Shoiack, i .'■.(.„: 

BUBBLE SORT 



This Intel benchmark sorts 1000 integers into numerically-ascending order using the exchange (bubble) 
sort algorithm. This benchmark extensively tests control structures, relational expressions, and array 

ref^ences. ' ■■ '"'./^i' 

baioJam at •« .-^ooiq •)t\i Ic ..!.^!« 



MAXmX MULTIPLY «i£lUijji<MOJ i 3'Jr. .r . /.. f:i0.f,M 

This Intel benchmark uses a simple row/column inner product method to compute the product of two 
32 X 32 matrices. The elements of the matrices are integers. The benchmark tests control structure 
arrays, HTB^aiCTeact^ aodsBttei^rmilihiBgttaiManaiafa a msivigdm ^msm i: tu y.jr:; r 



210760-001 



Intel 



MEMORYlJNTERfimmB 



The Intel Assembly-Language Benchmarks 

The assembly-language benchmark results shown in Table 4-1 reflect the performance of an 80286 
operating in Protected im4tl TiS^ \mtMAi^i^^ t^'90a§ t&Sit'^MtcritpfoceS^ 

Benchmark Report. The'foUbw^ paragraphs ^'9tW\SiM'dSBabii^ii§^liia^'e^ 
bly-languagebenchmafksiJf-'' ■■■-y-'- - -", swlsd il^laTi oi ugu u,S ^-V; t-."' vkn - 

'•; r.-.-j oj ;9Jnv.' L iow lot 2t ?'(£;l»b to ladmun sriJ y^r-vl r rlufcoi lli/v ?'>; ■•■ r £ 

INSPECT (Automated Parts Inspection) . . 

The automated parts inspection program controls an image-dissection camera having two 8-bit D/A 
converters (for X and Y axis control) and a 12-bit A/D converter that generates a gray-scale signal. 
For each of the 16,384 (128 X 128) points, the measured gray-scale signal is compared with a known 
good gray-scale value (stored in memory) to determine if it is within tolerance. One 16-bit multiply 
and one 16-bit divide are performed for each of the 16,384 points. 

XLAT (Block Translation) 

The block translation benchmark translates each EBCDIC character from a memory buffer into an 
ASCII character to be stored in a second buffer. The translation detects when an EOT character is 
encounterjsd or whea the.ento> EBCDIC buffer has been translated. For the benchmark tests, tlie 
IBCMC biiffci- coirtaiii»ll'^<EB{M>Be«httr8etef«,'^ ; 1 

BSORT (Bubble Sort) 

The bubble sort benchmark sorts a one-dimensional array containing 16-bit integer elements into 
numerically-ascending order using the exchange (bubble) sort algorithm. For the benchmark tests, the 
array contains 10 integers that are initiaUy arranged in descrading ord^ioittiun-M? ^o iO} J 

XFORM (Graphics X-Y Transformation) 

The X-Y transformation benchmark expands or compresses (scales) a selected graphics windd\fr 
containing 16-bit unsigned integer X-Y pairs. Each X data value is offset by Xq and multiplied by a 
fractional scale factor, while each Y data value is offset by Yq and multiplied by the same scale factor. 
One 16-bit multiply and one 16-bit divide are performed for eac^ ^k^Ofitv/tfii^ '^qggSlMilft gF°e 1^ 
benchmark test, the selected window contains 16,384 X-Y pairs. 

PCALL (Reentrant Proeeciiir^ ' ' . . ^ . , ; o.. 

The reentrant-procedure benchmark exercises processor features that are used to implement a reentrant 
procedure. Three input parameters are passed by value to the reentrant procedure. Prior to the call, 
one parameter is in ne of the general registers, while the other parameters are stored in memory 
locations. Upon entry, the reentrant procedure preserves the state of the processor, assuming that it 
will use all of the general registers. The reentrant procedure then allocates storage for three local 
variables, adds the three passed parameters, and stores the result in a local variable. Upon exit^ th^ 
state of the processor is restwed. " ' - - ^ 

MEMORY INTERFACE TECHNKXIES ^ J Juv x ; m 

In the previous section, the impact of memory performance and wait states on system performance was 
examined in detail. In this section, memory performance itself is examined in order to understand how 
the performance of a memory subsystem is ixXiemicamtmmaida^'iMK^^ as by the 
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speed of the individual memory devices. Three different memory interface techniques are introduced, 
and the advantages and tradeoffs of each are described. The Memory Design HattdHodk deSCdbeifsiill 
other techniques that may be used. 



Standard Address Slx^M'i^ 



Chapter Three describes a straightforward method for interfacing to memory, using the ALE output 
of the 82288 Bus Controller to strobe the address and chip-select latches. Figure 4-1 shows this qiemory- 
interface model, showing the ALE signal from the 82288 Bus Controller being used to control the 82&2 
address latches. 

The timing of this straightforward interface technique using the standard ALE address strobe is 
exa^nined in Chapter Three. Although this technique is simple and requires only a small number of 
de^dces to implement, it provides only 87.5 ns of address access time at zero-wait-states. This limited 
access time is sufficient only for very fast static RAM devices; slower memory devices will require 
additional wait states and corresponding reductions in system performance. 

Other, more complex, methods of interfacing memory devices to the 80286 can increase address access 
time to permit high-performance op^jti^MA.^ipwer^lft^c^^ 

introduce these two techniques. * u : j ' b .•y^. ^ c jgj. t^. /j., ^ ■) jf i i. 

"... T . . . — «A 01 eon (,j is aril snKU '.'.-lnyt Ju:* ly^y, it, ,n ^ ' ' : v.ni b'i. : i.\ 
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As an enhancement to the timing characteristics of the standard memory-interface technique described 
above, special address strobe logic can be used to generate a valid address to the memory devices at 
an earlier point in the bus cycle. This special address strobe logic is shown in Figure 4-2. 

The address strobe logic shown in Figure 4-2 generates an address strobe as early as possible in the 
memory cycle; that is, as soon as the command from the previous memory operation becomes inactive. 
This memory-ihteiface technique, trades off address hold time following command inactive (few memory 
i^evlces reqiiU^'a liettgth^^kdire^ 1^0$ in bttle^^ : 

Two additional optimizations are the use of 8283 (inverting) address latches and 8287 (inverting) data 
transceivers to drive the buffered local bus containing the memory subsystem; these inverting buffers 
exhibit faster timing characteristics than their non-inverting 8282 and 8286 counterparts. Because these 
devices invert the ,data and address lines, however, these latches and transceivers should not be used 
"Wth I/O devices on the same buffered local bus, to avoid confusion. The reduced address hold time 
resulting from this special strobe logic also is not conijiatible with many typical I/O devices. 

e timing of this special address strobe logic is described in detail in a later portion of this chapter, 
e principle advantages of the special strobe logic depicted in Figure 4-2 is that address access time 
is increased from 87.S ns at zero wait states using the standard ALE st^t^'^d'aii'miu£& WfSS k& using 
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(the specilfntdd'fess. strobe. This increased address access time^rmits slo^wer mem(Hy devi(%s to be 
'used in lAPX 286 systems , w hile slM peiuiitt ing operation at zero wait stat|j fc ■ ■ 

The tradeoff made when using this special strobe logic is the increased hardware overhead required to 
implement the strobe logic, and the separate latches and data buffers required for the separate memory 
iand I/O |)uses. ' _ { ^ } 

For systems that do not reqiliic large amounts of memory, however, th s special strobe logic can provide 
an economical, high-performance solution. The cost savings of using slower memories to obtain a given 
level of performance more than offsets the cost of the additional logic required. 



Interleaved Memory l ! ' I > 

For systems that require large amounts of memory, an interleaved memory subsystem can provide even 
greater economies than using the special s|reb%49fflSkffiiS t de g cribed, a| the ti/as t a f -extra-addtess-latches 
and additional control logic. 

With an interleaved memory subsystem, meimory devices are grouped into banks sp that eveiy sequen- 
tial memory fetch coities from a different mlemory bank. For example, in a memory-system-partitioned 
iintoj four memory banks, a program that fetches four 16-bit words from consecutive addresses actually 
fetches one word from each bank. 

Interleaved memory banks permit designers to take full advantage of the 80286's pipelined address 
timing. By letting the early address from the 80286 propagate into the next memory bank while the 
address for the current memory cycle is still valid,in an^theijjtaii^ address access times for the ii^divid- 



ual memory devices can be greatly increas^ 



Of course, occasional back-to-back memory cycles to the same memory bank may occur, which v/i 
require a longer bus cycle than if the access was to a different bank. The interleave control logic must 
accommodate the longer bus cycle times by inserting an additional wait state into the cycle. On the 
average, though, these memory "hits" comprise only 7% of all memory cycles using two interleaved 
memory banks, and 80286 execution time for typical software is increased only 4% on average over 
' execution exclusively at zero wait states. i ♦ | j 

Figure 4-3 shows an examplec^ut^&at iises interleaved addressingiind special address strobes to 
increase the access time for most memory cycles. The memory devices are configured into two banks 
with successive memory words assigned to alternate banks (address line 1 is used as a bank select). 
Each bank has its own address latches and strobe signal. An 8205 decoder decodes the CPU address 
to generate chip enables for the individual memory devices, and a BANKSEL signal is decoded to 
enable the address strobes. ' — ~^ \ ' 

Figure 4-4 shows the logic that generates the address strobe signals to the individual banks, and detects 
consecutive reads to the same bank. Generally, the addi«s8^r@bes will be high until a read to one of 
the memory banks occurs. The high address strobes maintaK^4 address latches in their tran^arent 
state to enable an address generated by the CPU to be traiisniitted to the memories in the shortest 
possible time. (With the standard memory model, the address would not be transmitted to memory 
until just before the start of Tg due to the 82288 ALE timing and strobe to output delays.) i 

The address strobe to the selected bank is driven low on {hcMKng'edge of CLK at the start of thi 

fiftt Tj state to latch the address and chip selects to the respective memory deviceS.'The address strobe 

to the non-selected bank ren^^^^h, maintainiit^ the respective ad.dress latches in their transparent 
state. . . - . X . . . . , _ . 
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The timing of this interleaved mi^^Si^«itt i^descfit«diiff'a htmr section lliis chapter. The princi- 
pal advantage of usitig an interleaved memory system such as this is the increased access time provided 
at the beginning of most 80286 bus cycles. Access time requirements as long as 180 ns can be accom- 
modated using this configuration, while still permitting most 80286 memory operations to occur with 
zero wait states. With one wait state, access times as long as 305 ns can be reliably accommodated, as 
compared with access times of 212.5 ns for the standard memory configuration at one wait state. 

This increased access time results in a (ffixct isost savings without reducing performance. For an example 
system using EPROMs with one wait stirte, -tite savings from intesleaving saeicomposed^of tfae sftvii^ 
from using 300 ns EPROMS instead the mOIe1ekpeImve!200^m^EEPDlli^^^Mtiplie«l'j^ti^q ma^bef 
of EPROMS, and subtracting the additional interleave circuitry. For large-memory systems, this cost 
savings without reducing performance can be well worth the effort. 

Table 4-2 compares the various memory interface techniques and provides guidelines on selecting a 
particular technique for specific application?. The following section analyzes the tinning of each of 
these interface techniques in more detail, ; ., ■ >. i .w.i / .i ,: un i r i 

: 1 ■•(Tcn.M j'Ti vrtj >wofl> , :li;uoiv: .• n vodi . i -i- ir. m' -J 
'■: ■ ■ ' ]: M.jc. '1:. • ■ 1 i;&!i(2£,sn! y-t; ^ i > i v qiria blii a. . 

TIMING ANALYSIS FOR'MEMORY^OPeRATIONSt i k 



To design a memory subsystem for the iAPX 286, designers must understand the timing of the 80286 
memory cycle. In the sections that follow, critical timing values are calculated for each of the memory 
interface techniques described in the previous section. Timing calculations are shown primarily for an 
8-MHz 80286; in some.(a5«s|)tiim«»^Al«ltipr^6MIi2dl^ of thesp 

calculations as well. ^n. j. i . 
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Memory Interface 
Technique 



Address Access Time 

Provided by 
Single-Buffered System 
with Walt States 



6 MHz 



ALE-Controlled 
Address Latches 

Special Address 
Strobe Logic 

Interleaved 
Memories 

8207 DRAM 
Controller 
(uses Internal 
interleaving) 



87.5 ns 



155 ns 



■<4- 



120 nslWS 
58 nsCAS 



139.9 nsr 



228.3 ns 



183 ns 
89.6 ns 



Useful for implementing smalL bootstrap 
EPROMs; 2 waits at 8 MHz suitable for 
2732A-3 or 2764A-3. 

Useful for small static RAM systems; memories 
require separate latches; insufficient address 

hold time for I/O devices. 

Useful for large EPROM or static RAM arrays; 
2 sets of address latches required, with 6 TTL 
DIPS to control interleaving. 

Usl|EOSOaSD(ffilB^ arrays. ^ 



Calculations using worst-case timing, rather than typrical timing; are used exclusively throughout thii 
manual and are strongly recommended to all designers using these materials. By using worst-case timinj 
values, you will be able to determine critical timing paths, the need for wait-*tates,.andjGQmiiatibilit3 
between various memory devices. 



Analyses using typical timing parameters make implicit assumptions a^ut the system under study, 
(typical calculations assume that with S to 8 devices in series, the probability of all devices simultane- 
-ansly exhibitaig iworst-case timing is a«ce|>^bly ^remote. However, since many modem designs use only 
rQlor 3idevieesiit«raies, the probability of all <devi<:e$ showing worst-case timing characteristics becomes 
^nacceptably high. 

For this reason, worst-case timing calculations are used to assure reliable operation over all variations 
in temperature, voltage, and individual device characteristics. Worst-case timing values are determined 
by assuming the maximum delay in the latched address, chip-select, and command signals, and the 
longest propagation delays through data buffers and transceivers, - i i. ^ ,i ,:! 

'«>.••. .2tf!-,-t»7/ 'nor-vin-sHifti t.. . .i mi ;:....••••■>!>». -j-Ai s.-iivfiiJdiv is.s .c'l/Ofl^f": lo 

liulli 'J Hi -ilW* Ibw 3d til.-j 33n£i.n(./lT>-; 'gnii.. jx, U.Ot'.fij' -r i.^ 

standard ALE Timing 

The iAPX 286 memory cycle using the standard ALE timing from the 82288 Bus Controller is described 
in Chapter Three. The analysis of timing is largely dependent on the particular memory configuration. 
Figure 4-1, shown previously, shows the memory model used to analyze timing using the standard ALE 
signal timing. Address and chip selects are measure d from the outputs of latches (strobed by ALE). 
Data valid is measured at the data pins oftheXPU. MRDC is. ao 8228 & outputs. : i .. ^./t 

A single data buffer is used to prevent the AC loading from the memory subsystem: from exceeding 
the 80286 capacitive limit of 100 pF. The 8286 buffers can drive 300 pF loads. For very small systems, 
the 80286 can be used without data buffers. For large, multi-board systems, two levels of buffering 
may be used. In any case, the appropriate buffer delays should be. considered when performing timing 
calculations. .A-:* p.r nvni. l : 
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READ OPGRii^TIONS ''''''' - i^-f". sidp"^-^"""'-"!:! tt bnBmm'Ki h:-*^ •■iic- .Tii(f7iX!,-m v-,i ?r-<.:' 

Figure 4-5 shows the timing for zero-wait st^Je^ j^emoiy read cycles using th^ stantlar^j^P jd^re*^ 
strobe. •• nr v-".',. 

For read operations, data must be valid at thye, pijos of the 8028^^^) n^tef^ij?. U^Jf^lin^ ^d^e.pf pLK 
at the end of the final Tc (20 ns for the 6-\{jftz ^0286). The cnticat tuning parameters thai determine 
whether one or more wait states are required for a given memory subsystem design are the required 
address and command access times before read data will be valid. 

The maximum allowable address^ and cbtp-enable access times for the meffiKliry configuration shown in 
Figure 4-1, with wait states, aradincorporating one transceiver deteiy, can be calculated as follows: 



3 CLK cycles 

— ALE active delay (max) 

— 8282 stb-to-output delay (max) 

— 8286 transceiver delay (max) 

— 80286 required data setup (min) 
Maximum address to output delay = 



8 MHz 

187.5 ns 

- 15.0 ns 

- 45.0 ns 

- 30.0 ns 

- 10.0 ns 
87.5 ns 



6 MHz 
249.9 ns 

- 15.0 ns 

- 45.0 ns 

- 30.0 ns 

- 20.0 
139.9 ns 



TLAVCML 
TLCECML" 



. 



TLAVDV 

"tlcedv 



-TCMLDV- 



TDVCL- 



•TCMLC«f»= 



TCMHLAX 
TCMHLCEX 



usi ' ! gr i ' Mj 11^ i„.a 
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The calculations for maximum allowed command or output-enable access time btiOfff dim^'valid:^ 
similar: 

2 CLK c^rclfe at'8 MHz ^"'^'^ V-^^'^^S'W' : ^''-'la^ 4"^'" ' 

— MRDC active delay (max) — 20 ns 

— 8286 transceiver delay (max) — 30 ns 

— 80286 required data setup (min) — 10 ns 

Maxinrairi.TOiiteanfftbttutout diday — . 65ijs n^. ^ - ■ -i- ' ■ 

Because of the pipelined address timing of the 80286 CPU, the memory configuration shown in 
Figure 4-1 provides a significant timing interval after the 80286 address is valid and biefore the address 
latch (ALE) strobe becomes active. This interval can be used for addre% decoding without reducing 
tb6:elu^>enable access times calculated above. The maximum address decode time dial this memory 
configuration can provide without reducing the chip-enable access time is calculatetl-as follows: 

2 CLK cycles at 8 MHz . 125 ns 

— 80286 address valid delay (ma^)>. ; — 60 ns ^ 
+ ALE active delay (min) + 3 ns 

Maximum decode time = 68 ns max. ( 

This maximum decode time is not affected by the use of wait states in thd 80286 bus cycle. 



If wait states are inserted into the memory cycle, access times for the relevant parameters are increased 
by 125 ns for each wait state (166.7 ns for each wait on a 6-MHz 80286). Address, chip-enable, and 
command access times for a single buffered 8-MHz system running with from zero to two wait states 
are shown in Table 4-3. 

in view of the timing values shown in the table, fast static RAM devices are the only memory devices 
capable of operating in this configuration with zero wait states. An 80286 operating with a single v/aii 
state provides sufficient timing for almost all static RAM devices, a large number of dynamic RAM 
devices, and faster ROM/PROM/EPROM devices. An 80286 operating with two wait states provides 
sufficient timing for all but the slowest semiconductor memory devices. 

Another criticali timing parameter for memory read operations is the output data float time; that is, 
the time from tBei memory output-enable inactive untilrUKe memory device disables it& data drivers 
following a read operation. This timing value is critical if the 80286 attempts to perform a write opera- 
tion immediately following a read from the memory device. If this back;to-back read/write sequence 
occurs, the memory device must disable its data drivers before the 82288 Bus Contrcdler re>«i^bles th^ 
8286 data transceivers, or data bus contention will occur. «■ - ■ | 



For the memory configuration shown in Figure 4-1, the maximum data float time afforded a memory 
device at 8 MHz is 57.5 ns maximum. For certain memory devices, this allowed data float time may 
be inadequate. If this is the case, then th& possibility of bus contention must be specifically prevented^ 

i ' ■ 'i U-:3vTr j 



Ta^4i-3. Tlmlif^ »r 8 MHa R#a<l^p«>i&lcin8 Using SUindard ALE Strobe 


Mflximuin itccess Tlfi4»s' 
Befora Data Vtfd 


^ I 

' Zaro ' ' 
WM States 


Ohe 
Wait State 


Two 
Walt States 


Address Access time (max) 
Chip-Select Access time (max) 
^Command' Access time' (max) 


87.5 ns 
87.5 ns 

— es-ns— 


212,5 ns 
212.5 ns 
tSOiw— 


337.5 ns 
337.5 ns , 


p-jk »1H^^ 
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To accommodate the data float time requirements of slower memory and I/O devices, the output 
enables of the data bus transceivers must be delayed for the necessary length of time. Figure 4-6 shows 
an example circuit that delays enabling the data transceivers following a read operation to the selected, 
memory devices. This circuit provides a maximum data float time for memory devices of: 



2 CLK cycles at 8 MHz (Cmd inact.— DEN act.) 
— C^d mactive delay (max) , ' > 
+ 8«86 enahlfiJtil^e (min). _ _ , 

Maximum data float time (usii^ circuit) = 



WRITE OPERATIONS 



125 ns 
— 15 ns 
+ 10 ns 



120 ns max. 



/I N i. 



For typical write operations to a memory device, data is latched into the device on the rising edge o^ 
the Writ& ^temand at the end of T^. The important-tiroiiig j^iaameters determining whi^tfiet waif 
states are required are the add p^rand comir ^g^y^^^ ccess times before command high. | | 

The timing for memory write cycles, shown in Figure 4-7, uses the same model as that for read cycleSi 
Address, chip select/enable, and command generation are the same as for read operations. 



Since the latest time that data is active coincides with the latest possible latched addre^^^d chip 
select tijnes (2.5 ns before the falling edge- of -CLK at the start of TJ, th4 maximum ^ddiress-valid to 
command-high access time provW^^^ uiiny w i if i B o |W H i lii >llu s jwi& zero wa^ states is: 



3 CLK cycles at 8 MHz 

— ALE active delay (max) 

- 8282 address latch delay (ffifK) 

+ Cmd inactive delay (min)''»^S gnwU gnimi7 atlov#.@hs 

Maximum address access time = 130.5 ns max. 



187.5 ns 
• 30.0 ns 
— ns 
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Figure 4-7. Memory Write Cycle Timing Using Stand»:(l ALE Strobe 

Worst-case command-active to command-inactive timing is calculated in a similar manner (the command 
pulse width for write operations is not affected by buffers in the data patl^ — — 



2 CLK cycles at 8 MHz 
— Cmd active delay (max) 
+ Cmd inactive delay (min) 
Maximui|i command access time 



125 ns 
- 20 ns 
+ 3 ns 



108 ns max. 



I The data-valid to command-inactive time for write operations must include data buffer delays. Assum- 
ing a 30 ns ipaximum delay through 8286 buffers, the data-valid to command-inactive setup time is: | 



3 CLK cycles at 8 MHz 

— data valid delay (max) 

— 8286 data buffer delay (max) 
+ Cmd inactive delay (min) 
Maximum data setup time 



- 187.5 ns 

- 50.0 ns 

- 30.0 ns 
+ 3.0 ns 

IIO.S ns max. 



If wait states are inserted into the memory cycle, each of the relevant parameters for write operations 
are increased by 125 ns for each wait state (166.7 ns for each wait on a 6-MHz 80286). Address, chii 
enable, command, and data-valid times for a single-buffered 8-MHz system running with from zero to 
ty/o wait states are shown in Table 4-4. As for read operations, 80286 operation with zero wait states ^ 
'possible using only-fost static RAMs. One-or two wait states-afe-geqaifad- to f TO vide-SMlRci^t^iini^ 
for the majority of static and'dJ^rfrSiB'RiA'M'difeVi®^.: -U h i.iupf i 
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Table 4-4. Timing for 8-MHz Write Operations Using Standard ALE Strobe 



Maximuin Accabs TimAs 


Zero 


0n8 


Two 


Before Command High 


Watt State* 


Walt State 


Wait States 


Address Access time (max) 


130.5 ns 


255.5 ns 


380.5 ns 


Chip-Select Access time (max) 


130.5 ns 


255.5 ns 


380.5^^ 


Command Pulse width (max) 


108.0 ns 


233.0 ns 


358.0 ns 


Write Data Setup Time (max) 


110.5 ns 


235.5 ns 


360.5 ns 



The CMDLY and CEN inputs to the 82288 can significantly alter bus cycle timing. CMDLY can 
delay commands to produce more address, chip enable, and data setup time before a command is 
issued. CEN can hold commands and dat^a puffer control signals inac|yLye,j^ §lteru^ bus pypje timing. 
When used, the effects of these inputs tnHi^ jalso^e included in any woiii^r<^k^,tpijmg !^laly«^ 



For some RAM devices, the data setup time before write-command active is a critical parameter. With 
no command delays, the write command may become active before the write data is valid at the pins 
of fee memory device: 



1 CLK cycle at 8 MHz 

— data valid delay (max) 

— 8286 data buffer delay (max) 
+ Cmd active delay (min) 
Maximum data setup time 



62.5 ns 

- 50.0 ns 

- 30.0 ns 

+ 3.0 ns 



— 14.5 ns max. 



(Note that the negative setup time implies that data may not be valid before the write command is 
asserted). ■ . . . 

rtoilu9« xuo!v;nq -.fit ni badiio^-.-b jupi- '' J ■ • ■■!!■ 

With one command delay, the write command from the 82288 Bus Controller is delayed by 62.5 ns, 
producing an acceptable 48 tis data setup time before tommat)d active. This 'command delay reduces 
the command pulse width by 62.5 ns, however, and' s6 aS!ditf(mal wait sitates'fe^ 
this and other timing requirements. 



If the circuit shown in Figure 4-6 is used to delay transceiver enable during write commands, the data 
setup time is affected again. Using this circuit to accommodate slow output-data-float tim^ by delay- 
ing DEN results in a data setup time to end of command of 56 ns minimum: 

an Of.:. 



.1 



2 CLK cycles at 8 MHz (DEN-to-WR) 

— S04 inverter (CLK) delay (max) 
S175 Flip-flop delay (max) 

— SCO, S30 gate delays (max) 

— 8286 output enable time (max) 
+ Cmd active delay (min) 
Minimum data setup time = 



± 



125 ns 
7 ns 
20 ns 
15 ns 

30 ns 

..;3.n8, uu..- 
56 ns mia. 
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At the end of the write operation, some RAM devices require that the write data remain valid for a 
short interval following write command inactive. The maximmn data hold requirement permitted by 



1 C|LK: <^e at 8 MHz (after Cmd) , , 62.5 nsi 

— 82288 ,^md inactive delay (max) j — 15.0 ns 

+ 8286 Transceiver delay (min) | + 5.0 ns 

Maximuin data hold time = 52.5 ns max. 



•.4 ir.iftlSr; -- 



Some memory devices require that the address remain valid following a write operation. For this stand- 
ard memory configuration, the maximum address hold time following write is: 

1 GLK cycle at 8 MHz (after Cmd) 62.5 ns 

- — 8288 Cmd inactive delay (mi*) ■-■'■'^i-'^ '-''f'*^^ 15.0 ns . ./•■on.tn.. ■ ., ,./:.. '• . -.••ati 

+ ALE active delay (min) ; m bafaubni adj. 3.0 ns ■ v^i:-!' i.. . ..ii , , , // 

+ 8282 STB-to output delay (min) + 10.0 ns 

Maximum address hold time = 60.5 ns max. 

Most memory devices do not require such a lengthy address hold time following a write operation. The 
following section shows how the special strobe logic introduced previously trades away some of this 
unused address hold time to gain increased address access time. 



Special Address Strobe Timing ' " " ( n r; ; i r. . 

As described in a previous section, special address strobe logic can be used to generate an address latch 
strobe much earlier in the 80286 bus cycle than the 82288 ALE strobe. This special address strobe 
technique tradbs off address h<rid tim«s after command inactive for additional address and chip-enable 
access time, permitting slow memories to be used with fewer wait states relative to the standard.addre^ 
strobe technique described in the previous section. 

Figure 4-2 shown previously shows the memory configuration that will be used in this analysis. Figure 
4-8 shows the timing of this special address strobe logic. 

The timing of this address strobe logic is relatively straightforward. Maximum address and chip-select 
access time for an 80286 operating at zero wait states is: 

4 CLK cycles 250 ns " 333.3 ns 

— Cmd inactive time (max) —15 ns — 15.0 ns 

— STB logic delay (max) — 8 ns — 8.0 ns 

— 8283 latch delay (max) - : '■Si (^v^.ns —40.0ns 

— 8287 transceiver delay (max) - - — /23^ns — 22.0 ns 

— 80286 required data setup (min) . — 10 ns — 2o!o ns 
Maximum address access time = 155 ns 228.3 ns 

Minimum address hold after command^ inaetive is only 10 ns minimum^ <e«|ual to the mintmum 8283 
STB-toK>utput delay. ""^ smu .;ur:. . i.vrr^it il 
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iF^lgure 4-8. Timing for Special Address Strobe Logic 



Since the memory conflguration using the special strobe logic does not alter the command inputs to 
the memory devices, command access times are the same as for the stanc&rd mrano^ interface, but 
for the reduced delays through the 8287 transceivers: 



2 CLK cycles at 8 MHz 

— MRDC active delay (max) 

— 8287 transceiver delay (max) 

— 80286 required data setup (min) 
Maximum command to output delay = 



125 ns 

• 20 ns 

• 22 ns 
■ 10 ns 



•in: Du! 



73 ns max. 



Because the address strobes are generated earlier in the bus cycle, the allowed address decode time 



before the address strobe goes high is n^u^. Maximum/^ 

access time is: 



reduci^.chip^nabl^ 



1 CLK cycle at 8 MHz 

— 80286 address delay (max) 

+ Cmd inact. delay (max) 

+ STB logic delay (max) 

Maximum address decode time = 



62.S ns 
— 60.0 ns 

+ 15.0 ns 

+ 8-0 ns 

25.5 ns max. 



If wait states are inserted into the lA^iAbry cycle, access timeS for the relevant parameters are increased 
by 125 ns for each wait state (166.7 ns for each wait state (ffl a 6-MHz 80286). Address, chip-enable, 
and cominand access times for a single-buffered 8-MHz system running with from zero to two wait 
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Maximum Access Times 


Zero 


One 


Two 


RAfnra Rota ValM 


Mf alft Cftataa 

wait oiaivo 


Walt Ctttf A 

wan sune 


wail oiaios 


Address Access time (max) 


155 ns 


280 ns 


405 ns 


Chip-Select Accessltme (max) 


155 ns 


280 ns 


405 ns 1 


Command Access time (max) 


73 ns 


198 ns 


323 ns 




W| v.. 




1 



For write operations, the data setup and hold times for this memory configuration are not affected by 
the special address strobe logic. These timing parameters differ from those for the standard memory 
interface only in the reduced delays through the 8287 transceivers, where the standard interface uses 
8286 transceivers. The Write command pulse width using this memory configuration is identical to 
tbat for the standard memory itfterface. » 



As described previously, the special address strobe logic trades off address hold time for additional 
address access time. Some memory devices specify an address hold time following a write operation. 
Using the special address strob^ logic, the maximum address hold time allowed for a memory device 
following Write 'COmntand';|n»^e is 10 ns, the minimum STB-to-output delay of the 82|3;.9ddress 

latch: ' , ■ . — 

' I ' I i 

Maximum address hold after write = 1 ns. max. 

This .tinting valUfiJIustrates the essential tradeoff between address access time and address hold time I 
using the special address strob^ logic. Still other memory u^t^rface techniques are possTblewEichliiake' 
other allowances in order to optiinize the mtical address ac^ss parameira*. 



Interleaved Memory Timing 

Interleaved memory subsystems have been introduced in a previous section. The interleaving technique, 
like the special strobe logic, produces in&ip^^ address access times and allows considerably slower 
memory devices to be used while still prenridtng-performance equal to that of faster memories using 
the standard memory interface. - - - 

An example circuit showing an interleaved RAM system is shown in Figures 4-3 and 4-4. The timing 
for this circuit is shown in Figure 4-9. This figure shows a sequence of four CPU bus cycles performed 

in the following order: . 

" 1..' li!,-,'!:..') baU'K.r!. i- . ■ . .. ..- 

1. Write cycle to non-interleaved memory ' •■''■'f^^ 'i'-^-'U^^'t ^' ' ^'i- -'../'v. 

2. Read cycle from RAM bank 1 ^ ' ' " 

3. Read cycle from RAM bank 2 

4. Read cycle from RAM bank 2 . ^ ' 

The sequence of signals required tO'jjeTi^^j^ica^ four bus cycles are ^06^: - 

1. During the write cycle to RAM, both address strobes (ALEO and ALEl) are high. Since the 
interleaved memory is not selected, chip enables to the interleaved memories are not generated. 

2. At the start of the read cycle from RA M bank 1, th e address de0:|de^togi(l^iH3B$eit$biiiH;^hl$ 
signals to the ^appropriate devices^oa^ BANKSELjactivati^ the iot^jcatiefteigii; 19,-g«!nerate an 
appropriate address strobe. ALEl t(^es low on the falling edge of QU3li,mApm<k&fiTt tP 
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BANK 1 READ BANK 2 READ 2ND BANK 2 READ 



j Ts I Tc I To I Ts I Tc | To | Ts | To | To j Ts I To I TC I Tp j Tx | 

cLKlJTJTJTJTIXnJTJlJXriJl^^ - J-LTL 

A23^ y X y -y ' 
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the address and chip-enable signals to bank 1. MRDC enables the output drivers of the RAMs' 
Note that ALEO remains high throufliout the hm cycle, nmiffitaimiig the Bank 2'adtires^-ldtcbel 
in their transparent states. 

3. At the start of the read cycle from RAM bank 2, the address decode logic generates chip-enable 

signals to the appropriate devices as before. ALEl is driven high on the falling edge of CLK 
halfway through T^, and remains high throughout the rest of the bus cycle. A LEO toggles low at 
the start of to latch the address and chip-enable signals to bank 2. MR DC enables the output 
drivers of the RAMs in bank 2, while DEN and the latched BANKSEL enable the interleave- 
memory data transceivers. 

4. The second read cycle to EPROM bank 2 begins with ALEO low. ALEO is not driven high until 
CLK goes low halfway through Tj. This delay reduces the data access time in comparison to the 
previous bus cycles; the delay is accommodated by adding one additional wait state to the bus 
cycle. Two SI 12 flip-flops are used to compare the bank-selects for the current and previ ous m emory 
cycles to detect the occurrence of back-to-back cycles to the same memory bank. The HIT output 
of this interleave logic is used to drive the system Ready logic to insert the additional wait state. 

The sequence of signals for this second bank 2 read is, this same as the first, with the addition of 
one extra wait state. ALEO is dxiv^rjUgb^^cjQl^^ qjr^te.'a&^'itiie; tost % state<j AI^l mmmm 
. .hi®l|,.througl»0uttbe^eatirs.«y<4fidl .-.m. svi.:;:a;n: y.'ic .v^i'-j/i: r' ) .M^aeybf ;: ;r.-.. t-^ - ,,-jr 

The timing analysis for this interleaved memory ?y?tem is straightforward, merely incorporating the 
appropriate dekys through the latches and buffert. '[_'^^'''^^^^ 

The maximum address access time for the configuration shown in Figure 4-3 is: 

8 MHz 6 MHz 

5 CLK cycles (overlapped address time) 312.5 ns 416.5 ns 

; - 80286 address delay (max) -09' ~ 60.0 ns . , — 80.0 ns 

— 8283 input-to-output delay (max) - _ 22.0 ns ' — 22.0 ns 

— 8287 delay (max) - 22.0 ns - 22.0 ns i 

— 80286 required data setup (min) — 10.0 ns — 20.0 ns | 
Maximum aildrwa access-tima.^ i i19&5jis , _ _ ,2I2J-bs.^_ J 
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decoder delay: 

6MHz 

416.5 ns 

- 80.0 ns 
■ " - 22.0 ns 

- 18.0 ns ! 

- 22.0 ns ! 

— .254j5ns 

tf a subsequent memory access to the same memory bank occurs, an additional wait state will be 
inserted into the memory cycle. The maximum address access time with this interleEVie "hit" is: 

5 CLK cycles at 8 MHz (cycle w/ 1 wait) 312.5 ns 

— ALE valid delay (max) — 20.0 ns 

- 8283 STB-to-output delay (max) - 40.0 ns 

- 8287 delay (max) - 22.0 ns 

— 80286 required data setup (min) — lO.Q ns 
Maximum address access ^5''«it«T<»a'«*« bevss!^^^ 

Chip-enable access time with an interleave "hit" is the same as the address access time, less the 1 8 ns 
Maximum chip-enable access (w/ "hit") = 202.5 ns max. 

Since memory read and write commands are passed directly to the memory devices as in the standard 
memory interface, the command access times and command pulse widths^.,^^ula;ted. for, interleaved 
memory systems vviU be the_same^as^fo^I^on■jL^terleaved V - ■ :, 

If wait states are inserted into the mem(»y <ycle, access times for the relevant parameters are increased 
by 125 ns for each wait state (166.7 ns fW^M^'on a 6-MHz 80286). Address, chip-enable, and command 
access times for ff_sing9e-buff«ed S-MHz syst6ite ra«}lh^%ith from zero to two wait "^tes are shown 
inTable4-6. ' ' ' ' ' - r''. 

Interleave "bits,",^rj)ack-to^back acce^e^^ tb^ sa^i^ during pjily about 

7% of all bus cycles. Since an interleave hit results in an additional wait state inserted into the bus 
cycle, this wait statt may impact overall execution time and so affect system performance. Generally, 
instruction prefetches by the 80286 bus unit will not result in any interleave "hits" since the prefetcher 
accesses sequential addresses. On average, only interleave hits timt->^scm4^1l6 Mtt^d^d|Mtions 



Table 4-6. Timing for 8-MHz Interleaved Memory Operations 



Maximum Access Times 
Before Data Valid 


Number of Wait States (Assuming no "Hits") 


Zero 
Watt States 


One 
Wait State 


Two 
Wait States 


Address Access time (max) 
Chip-Select Access time (max) 
Command Access time (mak)- 


198.5 ns 
180.5 ns 
73.0 ns 


323.5 ns 
305.5 ns 
' 198i0ns 


448.5 ns 
430.5 ns 
323:0 ns 



Maxunum chip-enable acci^ time must incorporate the additional 8205 

' 8 MHz 

5 CLK cycles (overlapped address time) 312.S ns 

— 80286 address delay (max) — 60.0 ns 

— 8283 input-to-output delay (max) " 22:0 ns 

— 8205 decoder delay (max) — 18.0 ns 

— 8287 delay (max) - 22.0 ns 

— 80286 required data setup rmin\jTj-y-t_rtj'-|j-i_n j- 10.0 ns 
j Maximum.6l^i.CBabte4 ^C8s»- tMae-» --j^80.5 ns 
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will directly affect 80286 execution time, as described previbtfSly; delays in data write opetations do 
fiot affect the 80286 Execution unit. ' 

Table 4-7 shows the results of several benchmarks run on an iAPX 286 system using an interleaved 
memory system and one using a memory system having the same number of wait states without inter- 
leaving. The values shown in the table are the ratios of execution times with interleaving to those 
without interleaving. In genep^ execution times with interleaved memory are typically only 4% more 
than execution times with nweaninies IMving a comparable number of wait states. 

1 . -. .>'-•■ 

MEMORY INTERFACE E)4y|Pl^.| "T1 |~| 

The following sections describe specific examples using common types of memory devices with the 
iAPX 286. These interface exan^les include read-only memories, static and pseudo-static RAM devices, 
and dynamic RAM devices usiqg the 8207 Advanced Pynamic Ram Controller. j 

Read-Only Memory j -oo^Z' ^'-^o 

The easiest memory devices to interface to any system are read-only memory devices (ROMs, PROMs, 
and EPROMs). Their byte-wide format provides a simple bus interface, and since they are read-only 
devices, AO and BHE need not be included in their chip-select/enable decoding (chip-enable is similar 
'to jcbipf^^ct, bu):. chip-enable typically determines if the device is in the acti ve or standb y powe r mod4 
as well). 

For a standard memory model, the address lines connected to the devices start with Al and continue 
up to the maximum number the device can accept, leaving the remaining address lines for chip-enable/ 
select decoding. To connect the devices directly to the local bus, the read-oiUy memories must have 
output-enables. The output-enable is also required to avoid bus contention in som4^f|C^iaQry 
configurations. 

Figure 4-10 shows the bus connections for read-only memories. Read-only memories require latched 
chip-selects. Each valid decode selects one device on the upper and lower halves of the bus to allow 

Table 4-7. lAFX 2&S Performance with Interleaved Memories 



Program Benchmark 


■:\ ■ RaU« qf ExapuUon Tl|i|e for 

triterleavM nbh-ihteHaav^d mamorias 
when mast bus operations occur with: 


Wait States 


1 Wait State 


DSOSut^le §brt (Pascal) 

DSO Matrix Mult. (Pascal) 
Berkeley Puzzle (Pascal) 
Berkeley Sieve (C) 

Quicksort (32-bit C) 
Intel XFORM (ASM86) 
Intel Bubble Sort (ASM86) 


1.061 
1.003 
1.020 
1.058 

1.057 „ ■■ ' 

• . ■'■ JM >;5'l •; 
:if;v.' S!Ui1f«®Q7§n,ii:iCjt; rri 

1.032 


1.070 
1.068 
1.028 
1.044 

- . , -"-oei - ., 

r>. ■ 1,007' 
1.034 


Average of 1 7 Programs 

f: i n t'" If ,--'---f-Tn aft.' :fiifif)t ifa ^tiiBi 


1.036, 

igi taiinui %4 ana atitpicilgsi 


. 1046 



ms6 
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Figure 4-10. ROM/PROM/EPROM Bus Interface 



byte and word access. Byte access is achieved by reading the full word oiito the bus; the 80286 accepts 
only the appropriate' bytC; The output-enable is controlled by the memory read command from the Bus 
Controller. ■•• "'• ' ' ' 



TIMING ANALYSIS FOR ROMS 

Read-only memories have four critical timing parameters that must be considered when interfacing 

these devices to an iAPX 286. These parameters are: 

1 . Address to Output Delay (Address Access Time) — , 

2. Chip-Enable to Output Delay (Chip-Enable Access Time) 

3. Output &»abte>to C>wEpat<^tty(€Mnm&id Access T^e) i<t»inr<4ni.f -^s ^-c 
' 4. Outp^^^g^Q High to putput ^og^^fJ^^mi Timi) 

By comparing these memory timing requirements to the iAPX 286 timing values, the required number 
, of wait states can be determkied to guarantee a reliable memory interface. 

As an example, consider a standard memory interface using 2764-20 EPROMs buffered by a single: 
level of 8286 transceivers. Table 4-8 shows the requirements of the 2764-20 and the times allowed by 
an 80286 running with 1 wait state, using the standard ALE memory configuration described previ- 
ously. By comparing the timing values shown in the table, it is clear that a 2764-20 EPROM is compat- 
ible with the iAPX 286 systc^ operating with one wait sta^. iJ^ v: • p ■ sii ' 

Timing for an inter4eaved Ei^mory configuration or for systems u»sg »peciaiSteobe4ogic.can.bedeterf- 
mined in a simikr manner, m should alsotte noted that the timing otixase^^ ctpergtifRSJl^Uig any of 
the t h r ee mem ory iat e rfaw-itech ai ^ H eg can fee-feth8r-a»a^lieA-by-slowli^-.^e processor dock.. An 
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Table 4-8. Timing Analysis for Uie 2764-20 EPROM 





2764-20 EPROIM 


8-MHz iAPX 286 
1 Wait State 


1 iming Karameier 




. .< . (Max. Required) 


( 


Min. Provided) 


Address Access Time'! 






1 

Chip-Enable Access 1 
Command Access Tim^ 
Data Float Time 


200 ns 
'-"^ • 200 ns 
' 75iis 
60 hs 


: 
• 


ziz.5n8 

^^■^^ 

120.0't^s* 



lAssumes circuit to delay trans^ver enabie if write operai ion to the sam^us occi^s after re^i^isratlon. 

8-MHz 80286 operating with ji IS-MHz clock tather than the usual 16tMHz clcjck can SBl0in^OO ns 
memories such as th6 2764-20 EPROM at zero wait states. ' > ' ■ 



Xalils 4t9,shQWs thfi.wait-stat.e.isQijiigm6ats for g^y.ariety of differeoLlatd^ERQMfiier.JlsyfiraljiifffiEtj 
ent memory co{ij|igv|Ji^^Qi^.^ ^|^^^i^^tt§n,^^jy^l^ieyel^(^ data transceilrers is assumed. | 



Static It^lil de\^ces 



t;/ii.bn»i8 
•dontS 3JA 



i 



Interfacing static RAM to an 80 286 CPU introduces several new requirements into the memory design. 
The address lines AO and BHE must be included in the chip-seleGEt/«^ble dedoding for the devices, 
and write timing must be considered in the timing analysis. 2 



1 



I 



Data bus connections for each device must be restricted to either the upper- or lower-half of the data 
bus to allow byte transfers to ^nly one half of the data bus. Devices like the 21 14 or 2142 must not be 
configured to straddle both tl^ upper and lower halves of the data busS 



To allow selection of either the upper byte, lower byte, or full 16-bit word for write operation, BHE 
must condition selection of the upper byte and AO must condition sel^tion of the lower- byte. Figure 
4-U.shows several techniques W sejecling dews;ssSJldtt,Singk.GhiE:S^^ 

2141, 2147A, 2148H/49H). Figure 4-12 shows selection .teclmiques for devices with both chip-selects 
and output-enables (2128, 2167A). ^"'"'-^ >feAd-o'-lr,P?fwt beii.joe^ el ev- f-s^ '"notJl-v.v -a- 



Devices with out outp ut-enables require inclusion of AO and BHE to decode or enable chip selects. The 
MRDC and MWRC commands are used to quWify chip-selecj gemmation to prevent bus contentitmj i 
Devices with cojnmon input^/«aii^Bt;|i^ 11(2144 an^: no output-fin^bletEsqJjire: special c^re tor 
strobe chip-enabl« low only after write^mal^ris-^^Hdj Write-enable and write data must be held valid;, 
until after chip-enable goes high. , . 

For devices with separate input and outpu*jaife |2*4^/af>0,^ll89!A^the outputs can be tied together 
and used as described in Chapter Three. - ■ ■ . , j j; 



For devices with output-enables (Figure 4-12), the write command may be gated with BHE and AO to 
provide upper- and lower-bank write strobes. This simplifies chip-select decoding by eliminating BHE 
and AO as a condition of decode. Although both devices are enabled during a byte write, only the 
appropriate high or low byte device will receive a write strobe. No bus contention exists duririg reads 
because the read command must be issued to enable the memory output drivers. 



49a»4k 
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Table 4-9. Wait-State Requirements for Intel EPROMs 



EPROIM 
Device 


Required Number of Wait States for 8-MHz iAPX 286 


Standard 
ALE Strobe 


Special 
Strobe Logic 


Interleaved 
Memory System' 








2732A-20 
2732A-25 
2732A-30 
2732A-35 
2732A-4 


1 Wait 

2 

3 J, 
3 


1 Wait 
1 

i\ 2 

3 i 


1 Wait 
1 

J — 


2764-20 

2764-25 

2764-30 

2764-4 

27128-20 

27128-25 

27128-30 

27128-45 


1 

2 iSK s 't (>> ■^o\ 

2 

3 

1 :nj«-v. 

2 

2 

3 


1 

'S"i9f)o etr(w >t aiil6n6 levie! 
2 
3 

1,-,v jp j.y«i:T;!''-: 

2 

3 


1 

1 
3 

1..,.,.:..... .... 

1 ■ - 
1 

3 


EPROM 
Device 




standard 
ALESfrobe 


Special 
Strobe Logic 


Interleaved 


2732A-20 
2732A-25 
2732A-30 
2732A-35 
2732A-4 
2764-20 
■ 2764'25 • - 
2764i80 - " • • 
2764-4 
27128-20 
27128-25 
27128-30 
27128-45 


1 Wait 

2 
2 
1 

-T )^t]if 'i'M tS.(l'!'> 0.' 
■ '>l!l 4X1! .■'■r,! !■';<.] .Vl) 

2:-i!d (iiiib -.(fi N 

1 
1 
1 

2 


OWait 

1 

1 

1 

2 



! aisb ifi|i 'lo llrtri s-io vim 



1 
1 
2 


OWait 



1 

1 

2 



• Qiit ; • ->:••■!■.■.■ .> , 
0! ';:?k1i.-.; oiv;i '/.oi'l r . ', 
dl diod fiii'';'. oJ Sj-ru. -.r ; 



1 

2 



*An additional watt state is required forlaac-to-bacK emjs cycles to the sapejnernory banK.. , 



If multiple chip selects are available at the device, BHE and AO may directly control device selection. 
This allows normal chip-select decoding of the address space and direct connection of the memory read* 
ahd write coilinwtftds to tMt meiHOty'deviciS'/ AiWher klt^W^ to use the multiple chip select? 
inputs of the device to directly decode the address space (linear selects) and ^ the separate wnte- 
strobe technique to minimize the control circuitry needed to generate chip selects. As with the EPROMs 
and ROMs, the address li^» qimm^>l4itP.^^ii^V^imK3 iim<fea must start with Al rather than AO for 
a standard memory interface. 



For an interleaved memory subsystem, the low-order address lines beginning with Al are used as bank 
selects. Address lines that connect to the memory devices start with the lowest address bit after the 
bank sdect addre^ lines. - 
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CHIP SELECTS 
(HIGH AND LOW FOR 
FOUR QRnUPB.. 



3604A 
CS3 
CS4 
CS1 
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wn 

M/IO 
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CS4 
CS1 
CS2 



LOW BANK 
CHIP SELECT 



HiaH BANK 
CMP SELECT 



LOW 
CHIP 



HIGH BANK 
CHIP SELECTS 



Figure 4-11. Generating Chip Selects for Devices without Output Enables 



TIMING ANALYSIS FOR STAUG RAMSn-r- ^ 



When interfacing static RAM devices to an iAPX 286, write timing-parameters must be considered in 
addition to read parameters. The^ additional timing parameters are: 

• Address Valid to End of Write (Addi^T^i^ss Time) ! 

• Chip Select to End of Write (Chip-Enable Access Time) { 

• Write Fhilse Width (Command Access Time) ._. ' , 

• Write Release (Address Hold From End of Write) ! 

• Data Valid to End of Write (Write Data Access Time) " J 

• Data Hold From End of Write (Write Data Hold Time) 

By comparing these memory timing requirements to the iAPX 286 timing values, the required number 
of wait stat^^b:b#d&tef«^n^^^fl0M^»:£ MUltit^haMif <1il»il^ sr'- amsi'^ 
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Figure 4-12. Generating Chip Selects for Devices with Output Enabies 
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As an example, consider a standard memory interface using 2147H-1 RAM's buffered by a single level 
of 8286 transceivers on both inputs and outputs. Figure 4-13 shows the memory configuration used in 
the analysis. Table 4-10 shows the timing requirements of the 2147H-1 RAM and the times allowed 
by the 80286 running' with zelo wait states. — 

The Read command access time ( Data va lid from read) is not applicable in this configuration since 
WE is high throughout the cycle. MRDC merely enables the output data buffers to transfer data to 
the CPU. As demonstrated by the times shown in the table, the 2147H-1 static RAM is compatible 
with a zero-waft-Sfate 80286 (IPU. j emiTess : (;- ri-ri>l. j 



For slower RAM devices, special- address Strobe logic or an interisaved-memory configuration can be. 
used to increase the address aiid chip-select access times to permit operation at zero wait states. 



an ''801 
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Table 4-10. Timing Analyals. for th9 2.14:7U-,1 RAM 



Timing 


2147H-1 RAM 
(iMax. Required) 


8-MHz lAPX 286 
Wait States 
(MIn. Provided) 


Read 

Address Access Time ; ^ 
Chip-Enable Access Time 

R^d Command Access Time 

' i"i I- ' ■--t'l'i'i-jftii - j I- ' r-ii'iti.t 'mt-ahi 


35 ns 

35 ns '<■• 
N/A 


57.5 ns, 

.> ^„-'L U''.'L il ■ 

1 ^ i - 57.5 ns 
N/A 


Address Access Time 


35 ns 

35 ns 

20 ns 
20 ns 
ns 
10 ns 


fi «^^^bl>.'■ j.! j<-t".M u 
100.5 ns 
100.5 ns 
108.0 ns 
100.5 ns 

60.5 ns 

60.5 ns 


Chip-Enable Access Time 
' Command Access Time 

Write Data Access Time 
Address Hold Time 
Write Data Hold Time 



Pseudo-Static RAM Devices 

Integrated dynamic RAM devices have many of the same characteristics as static RAM devices, 
including a simple two-line control interface with output-enable and write-enable, and a simple chip^ 
enable and address inputs. All of the complexities of typical dynamic RAM devices, such as row- and 
column-addressing, and refresh timing and arbitration, are integrated into the devices themselves. From 
the system designer's perspective, devices such a$ ^^^JlM jandj 2187 iRAMs can ht treated in the 
same manner as simple static RAM devices. " ' ' 

There are several considerations when designing systems using iRAMS which differ from designs using 
static RAM devices. First, the iRAM must see a single edge ("glitchless") transition of chip-enable 
(CE) at the begiiming of the memory cycle to allow the iRAM to latch addresses and to initialize 
several internal clocks. 'ZmZH . . . .i I 

' ! ,, ! 

Second, since the iRAM acc^ts write data on the falling edge of write-enable (WEV;i|y^„^rite data 
must be valid before write-enable is activated. l^l""! j r~*^~t^ — I ' j 

The timing analysis of iRAM systems is similar to that of static RAM systems, with the exception that 
command delays may be needed in order to ensure write-data valid before write-command active. 
Specific details on designing memory systems using the iRAM are described in Application Nott 
^/'-7i2 "Designing Memory Systems with the 8K X 8 iRAM." -tr;. 



Dynamic RAM Devices 



The task of designing a dynamic RAM memory for an iAPX 286 system is made more complex by the 
requirements for address multiplexing and memory-refresh logic. Fortunately, the 8207 Advanced 

Dynamic RAM Controller simplifies this task considerably. 

The 8207 Advanced Dynamic RAM Controller (ADRC) is a programmal>le, high-pcrformaneer^!^em»' 
oriented controller designed to eaii^Mli^ii^l;^tf4IS&k^4ii^^ynamic RAMs to a wide range 
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of microproccsMlrerincIuding tlie independ- 
ent ports that operate in both synchronous- and asynchronous-processor environments. The 8207 ais<| 
supports error detection and correction using the 8206 Error Detection and Correction Unit (EDCU). 



The 8207 Controller timing is optimized for maximum performance. With fast dynamic RAM (such 
as 2118-10*s) the 8207 can run at wait states for most bus operations. 



As shown in Figure 4-14, the 8207 can be controlled directly by the 80286 status lines or by 82288 
command outputs, and can operate synchronously or asynchronously to the system clock. Figure 4-15 
provides a block diagram for a single-port 8207 memory subsystem using the command interface. PCTL 
is tied low to configure the 8207 in command mode for compatibility with the 80286 signals. CPU 
)5ta|us signals directly drive the read and write inputs to the controller while the 82284 CLK signal 
provides the synchronous clock. Address lines connect directly to the controller, while data transfer is 
controll ed by two sets of latches between the memory banks and the CPU. A byte mark latch decodes 
AO and BHE to condition the write enable signals for the high- and low-byte memory banks. 



The 8207 is capable of addressing 16K, 64K, and 2S6K dynamic RAMs, using an inte rleave d me mory 
arrangement. Memory can be divided into four banks, with each bank having its own !RAS and CAS 
signal pair. Low-order address lines serve as bai& selects to aUow interleaved memory cycles. 
(Figure 4-16 shows the address connections to the A^RC for all three types of RAM devices.) 
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Figure 4-15. 8207 Single-Port M^m^ry Subsystem 



Interleaving memory cycles between different banks of RAM devices result in the access time for a 
current cycle overlapping with the RAM precharge period for the previous cycle. When back-to-back 
transfers to the same memory bank occur (about 6% of the time), the 8207 automatically inserts a wait 
state into the current cycle, adding about 6% to the overall execution time. Slower memory devices 
can be used with the 8207 at zero wait states than would be possible with RAM controllers that do no^ 
support interleaved memory acff^ttgint VOS8-<i8S08 .tf oiuon 
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TIMING ANALYSIS FOR THE 8207 RAM CONTROLLER ' 

The analysis of timing for dynamic RAMs is mor^BXtenst^e thjwrfor a stiatic RAM or EPS.OM. The 
analysis must include RAS, CAS, and refresh timing as well as standard bus interface timing. 
Figure 4-17 shows the memory subsystem that serves as the model for the timing analysis in this section. 



The subsystem shown in Figure 4-17 is a single-port configuration designed with an 8207 ADRC and 
four banks of 21 1 8-10 16K x 1 bit dynamic RAMs. Each bank is sixteen bits wide and is divided into 
a high byte (D15-8) and a low byte (D7-0). Most 8207 signals connect directly to 80286, 82288, and 
82284 inputs and outputs. No address buffering is required. The RAM data inputs and outpu ts are 
bu^^ed, with th& 8228& DEN-and-DI/E signals controlling the output data buffers Jlhe PEA (Porf 
Enable A) input to the ADRC is anon-latched chip-select driven by address-decode logic. 

The 820 7 is programmed at reset through strapping options and a 16-bit progr am word . PCTLA, 
PCTLB, and RFRQ arc str apped hi gh or low to p rogra m port and refresh options. PCTLA is tied low 
to select command mode. (PCTLB is not shown; PEB should be strapped high to ignore the port B 
interface.) RFRQ is tied high to program the 8207 for self-refresh mode. PDI (Program Data Input) 
aocepte a, 16:bit /Miial bit stream containing the program word. By strapping PDI high or low, one oC 
two sets of default parameters are selected. The ex^ple circuit in Figure 4-17 is programnied with 
the non-ECC mode default paniinieters sliowa mlTaliiie 4-il. 
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Figure 4-17. 128K-Byt,e Memory Subsy^fn ' 
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As shown .in Figure 4-18, PDI caa.be driven by a serial shift register to program the 8207 for 
non-default operation. Sixteen bits are loaded into the register in parallel during reset and are shifted 
out in serial by the 8207 program clock (PCLK). 

Figure 4-19 shows the timing for three back-to-back rupnrory cycles: a read from bank 1, a write to 
bank 2, and a read from bank 2. Since the fir st two cycle"riretcra}fft!fent memory banks, the RAS for 
the second cycle is overlapped with the B4Sj^y^bi£ge period for ths.to;SfeiSiaMla5S.the subsystei| 
to respond with no wait states. I os/.? ! 



In the c ase o f back-to-back cycles to the same bank (cycles 2 an d 3), the control ler automatically waits 
for the RAS precharge period b etween cycles before asserting RAS. AACKA from the 8207, which 
must be connected to the 82284 SRDY input, is delayed long enough to guarant ee an additional wait 
state to compensate for the slower subsystem resp onse time . The 82288 SRDY input is used rather 
than the ARDY input to accommodate the critical AACKA signal timing. i 
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RAM timing to determine de vice c ompatibility is measured from RAS going Idw to data valid at the 
CPU pins. Maximum allowed RAS access time is: 



3 CLK c ycles 

— RAS active delay (max) 

— 8287 transceiver delay (max) 

— 80286 req uired d ata setup (min) 
Max. allowed RAS access time = 

Th© c^re&po&din^ CAS access-tiaeas; 



8 MHz 

187.5 ns ■ 

- 35.0 ns 

- 22.0 ns 

- 10.0 ns 
120.5 ns 



2 CLK c ycles 

— CAS active delay (max) 

— 8287 transceiver delay (max) 

— 80286 required data setup (min) 
Max. allowed CAS access time = 



8 MHz 

125 ns 

- 35 ns 

- 22 ns 

- 10 ns 
58 ns 



6 MHz 

250 ns 

— 35 ns 

— 22 ns 

— 20 ns 
173 ns 

urfi yd •xi! w:'; 



6 MHz 

166.6 ns 

- 35.0 ns 

- 22.0 ns 

- 20.0 ns 
89.6 ns 



For typical DRAM devices, the CAS access time will be the limiting parameter. Table 4-12 shows the 
timing requirements of the 2118-10 DRAM and the times allowed by the 80286 and 8207 operating 
with zero wait stactes. 



The timing values shown in the table 'indicate that the 2118-10 DRAM il^ (iompatlble wlt¥ah 8-MHz 
iAPX 286 and 8207 operating at zero wait states. The circuit shown in Figure 4^19 will 'run at wait 
states for most memory cycles; the subsystem will run with 1 wait state only when bacTc-lo-'back accesses 
occur to the same memory bank. i" 



With 2118-15 or 2164A-15 devices, this same circuit can be run at 1 wait state for most bus cycles on 
an 8-MHz system (select slow RAM option in program word). For 6-MHz iAEXJSiLsystems, 21 18-15 



or 2 164 A 
fications 


-15 memories can be used at zero wait states, as shown in Table 4rl3. Detailed timing speci- 
for Ihe 8507 DRAM Controller pfovTded tt^tli Apg^ice^: ' J * 'j 

Table 4-12. 8-MH^ Tilling Analysis fer the 21 1#-10 OmM j j ■' 






riming Parameter , 




2118-10 DRAIM 
(Max. Required) 


8-MHz iAPX 286 
with 8207 
Wait States 
(Min. Provided) 






RAS Access Time 
CAS Access Time 


100 ns 

55 ns 
i i 


120.5 ns 
58 ns 








Table 4-13. 6-MHz Timing Analysis for the 2 1 64A- 1 5 DRAM 


Timing Parameter 


2164A-15 DRAM 
CMax. Reqiitred) 


6-MHz iAPX 286 
with 8207 
Wait States 
(Min. Provided) 






^AS Access Time 


150 ns 


173 ns 1 


DAS Access Time . 

. -. ... • jiW 


usisvsdUci V >ufr.»ll KOS8 .OS-J 


- ■ 89.6 ns " ' 

' e\ufli^ 
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ERROR eORRemHON USING THE 8206 EDCU 

The 8207 RAM Controller supports error detection and correction using the 8206 Error Detection and 
Correction Unit (EDCU). Figure 4-20 shows a meliiory sfflhsystem using the 8206 EDCU with the 
8207 RAM Controller, 



The 8207 interface to the RAM devices in ECC mode is almost identical to that in non-ECC mode. 
RAM is divided into four banks with twenty-two devices in each bank. Sixteen RAM devices store 
data for use by the CPU; the remaining six RAM devices store check bits for use by the 8206 (EDCU). 
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During data writes, the EDCU computes a check code and writes the code into the check RAM. 

During data reads, the EDCU compares the read data to the check code to detec t errors. S ingle-bit 
errors are corrected and double-bit or multiple-bit errors are flagged. The 8 206 ERROR and CE 
(Correctable Error) signals inform the 8207 of error status. R/W (Read/Write) and WZ (Write Zero) 
from the 8207 control write/read and initialization modes of the 8206. Byte marks determine whether 
a byte or word write is performed the 8206. 

It is important to note that the 8206 EDCU introduces a propagation delay of 67 ns (max) into memory 
cycles. The ADRC automatically compensates for the delay by inserting an additional wait state into 
all bus cycles to ECC-protected memory. 

DUAL-PORT MEMORY SUBSYSTEMS USING THE 8207 ADRC 

The 8207 RAM Controller contains on-chip arbitration logic to control dual-port memory subsystems. 
The concept of a dual-port memory subsystem, permitting access by an 80286 over the 80286 local 
bus and also access by other processors over a system bus, was introduced in Chapter Two. 

In dual-port mode, the 8207 must arbitrate memory requests between port A, port B, and port C — the 
internal refresh port. Two port priority options can be programmed to select which port has priority 
over the others in gaining access to the RAM memory array. In addition, the 8207 supports a LOCK 
input to prevent a second port from gaining access to the memory array until the port asserting the 
LOCK request has released the memory. 

Chapter Seven contains a detailed explanation of how to configure a dual-port subsystem between the 
80286 local bus and the Multibus system bus. Specific examples are given for a dual-port memory 
subsyst em with error checking and correction, and specific guidehnes are given for implementing the 
LOCK input to the 8207 to prevent deadlock situations. 
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The iAPX 286 supports both 8-bit and 16-bit input/output devices that can be mapped into either a 
special I/O-address space or the iAPX 286 memory-address space. 

• I/O-mapping permits I/O devices to reside in a separate 64K I/O address space. Four special I/O 
instructions are available for device communications, and the I/O Privilege level offers I/O device 
'.pootectioQi' ' 'i . • ■ .1 -.„■ ,,,o. ...I- ■ 

• Memory-mapping permits I/O devices to reside anywhere in the iAPX 286 memory space. The full 
80286 instruction set can be used for I/O operations, and the full memory-management and protec- 
tion features of the iAPX 286 can be used for device protection. 

This chapter describes how to design I/O devices into an iAPX 286 system: n > ;:>(i JO ez< ■•i'^ 

• The first section of this chapter establishes the tradeoffs between I/O-mapped and memory-mapped 

I/O. 

• The second section describes several techniques for connecting data buses and generating chip- 
selects for both 8-bit and 16-bit I/O devices. Various alternatives are described for both I/O-mapped 
and memory-mapped devices. . . .f.o 

• Thfc third section discusses the timing considerati©nisif%it I/O operations, affldlsotttafhs examples of 
worst-case tiiiiitig Analyses. 

• The fourth section contains specific I/O ipterfa^je_ e:^ai!:}Ek^.indMi^^ ipt^rf^ces fpr the 8274 Multir 
Protocol Serial Controller, the 8255A I*rogrammaWe1Pen^cra? fnterfalie, ■an&'ih(^''825$A 
Programmable Interrupt Controller. 

• The last section of this chapter introduces the iSBX bus interface; the iSBX bus allows single-board 
computer systems to be modukrty expanded simply by pluggii^ in I/Omapped iSBX Multimodule 

, Boards. po^mctaju*--.-. i.s ' 

I/O-MAPPING VS. MEMORY-MAPPING 

The 80286 CPU is capable of supporting either 1/O-mapped or memory-mapped I/O devices. As 
outlined in the introduction, these two alternatives differ in three key respects. Although a decision to 
use one alternative or another will depend on the particular requirements of the design, the tradeoffs 
between these alternatives should be considered. 



Address-Decoding (»oT^t:T.:u„;-A« 

I/O-mapped devices reside in a separate 64K I/O address space, whereas memory-mapped devices 
reside in the full 16 Mbyte physical memory space. For this reason, the address-decoding required to 
generate chip-sel«cts>>f0r I^Q-iia|p$4 devifm may be simpler ^|t reqjolr^ for memory-mapped 
devices. \ 

iAPX 286 instruction Set 

I/O-mapped devices are accessible to programmers using the IN, OUT, INS, and OUTS instructions 
of the iAPX 286;.'IN(imdcd|}'£iiifetnmiaaW4aM^BDitaHM a«#ane4S»d the AX (16-bit 
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transfers) or AL (8-bit transfers) registers. The first 256 bytes of I/O space are directly-addressable 
by the I/O instructions, whereas the entire I/O space (64K bytes) can be indirectly-addressed through 
the DX register. INS and OUTS are string instructions used to transfer blocks of data between memory 
and I/O devices. For more information on these I/O instructions, see the iAPX 286 Programmer's 
Reference Manual. 

Memory-mapped devices are accessible using the full iAPX 286 instn^c4iQnj$et>.aUfQwii!gj^ficient ,c^ 
of such tasls as I/O-to-memory, memory-to-I/O, and I/O-to-I/O transfers, as wdl as compare and 
tist (^lerations/ ' " -r-'. '.■!.■'> i 

Figure 5-1 illustrates the advantages of using memory-mapped I/O over I/O-mapped I/O in perform- 
ing 3^ simple bit-manipulation task. After setting up pointers to the I/O device, the memory-mapped 
I/0)^5arople afi^p»plishess,th9j^^tto«S%«b.iB^ -t?^ J/Q;ffl?#pe^,:«9WpIefeqpu59Sitii^ 

DeviCS PrOtOCtion i'o>-:/.: d*;; /«i,'u nr o^n •.v. 'ViS 1 i if-.tcu ^ori ■ -.'^.•■i, '. . 

I/O-mapped devicfeS are #^rVk' j^iraMtin iy tlii iAPX 286 I/O I*rtvilfege1evel. This privilege level 
can be used either to prevent a task from accessing any I/O devices, or to permit the task access to all 

of the I/O-mapped devices. ' ' '■• ■ ' '. ' 

Memory-mapped devices fall under the protection of the iAPX 286 memory-management and protec- 
tion features. Depending on how devices are mapped into the memory space, individual tasks may be 
given access to particular I/O devices, while other devices are either visible-but-protected, or else mapped 
entirely out of the task's visible address space. Memory-mapping of devices thus permits more flexibil- 
ity, in offering protection o^ individuaj^^stiem rew I/O-mapping does. 

■:- ' . -f.' ;''.<•>■.]; '•'Jli'. ':': ■ -v ^.i ■ jI';.,'"- > '' ' ■.. - ■ 

BIT-MANIPULATION FOR 
l/CHIAPPED I/O DEVICE 

SETBIT: MOV DX.STAT.REG r'^'f gll#|*^}|0^«*H« S ^'^'''^ 

'IN A L , i X ■ ' ' " i read status word 
OR AL , lO^fr ; set bit 4 

OUT DX.Al i output status word 



BIT-MANIPULATION FOR 
MEMORY-MAPPED I/O DEVICE 



SETBIT: MOV AX.IO.SET.BASE ; I/O base addr' 

:3M'tJ V-i'i if'§ ji«iiX -" V-"- "'-f ■■■Jl'»'»(Ai.'^«'g' b«5-e 

OR ES:BYTE PTR STAT_REG,10H 

; set bit 4 of status word 

'rZ rcrtr i '-ni '"f 
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INTERFACING TO 8-BIT AND 1€<-BIT I/O 



Although the iAPX 286 can address I/O devices as either byte (8-bit) or word (16-bit) devices, several 
considerations must be observed v/hen connecting these devices to the iAPX 286 bus. The foUoWiiijg 
sections describe data bus connections and chip-select techniques for both I/O-mapped and memory- 
mapped I/O devices. 

Address Decoding ^ / ^ , . s , 

As mentioned in the previous section, the address-decoding for I/O-mapped devices is somewhat simpler 
than that for memory-mapped devices. One simple technique for decoding memory-mapped I/O 
addresses is to map the entire iAPX 286 I/O space into a 64-Kilobyte region of the iAPX 286 memory 
space. If desired, the address decoder can be configured so that the I/O devices respond to both a 
memory address and an I/O address. This configuration allows system compatibility with software 
using the iAPX 86-family I/O instructions, while also permitting the use of software that takes advan- 
tage of memory-mapped I/O and the iAPX 286 memory-management and protection features. 

Another factor affecting decoder complexity is the particular choice of addresses for either I/O-mapped 
or memory-mapped devices. Before selecting addresses for various I/O devices, however, designers 
must be aware of several restricted address spaces imposed by the iAPX 286 architecture. Figure 5-2 
shows these restricted a&St^iSs 'iisg»mi»V8mmia(»§^i^lij^aeiM^/ '■ ' ' 
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fuiifpicJCuy aecoaing lewer ol tne lower address lines, resulting in larger granularity in the addresses 
corresponding to an individual I/O device. The 64-K I/O address space of the iAPX 286 leaves plenty 
of freedom for allocating addresses to individual I/O devices. 

Memory-Mapped I/O 



Figure S-3 shows a simple decoding circuit for mapping the iAPX 286 I/O space mtp A.^i^ region (]f 
the iAPX 286 memory space. This technique, described above, allows ffldividuafl/O devices to respond 
to hpth a memory address and an I/O address. This particular circuit maps the I/O space into the 
f^ion of the iAPX 286 memory space which corresponds to addresses FE OOOOH through FE FFFFH 
(this region is the second 64K region from the top of the physical addre^ space*, tlie top 64K rejgioil 
typically contains the code for iAPX 286 system-reset processing). 



When tbiS'jmemory-mapping technique is used, the low sixteen address bits must still b e dec oded to 
generate chip selects (i n the sa me manner as for I/O-mapped devices). The lORC and lOWC 
commands, rather than MRDC and MWTC, are generated by the Bus Controller whenever a bus 
operation accesses addresses in the specified region. For this reason, subsequent sections of this chapter 

wiU"«ot#isttri||^^brtw«^-^^ ;*;; 



<1UI'.3J''' 



The maximu|H.'4$!«94e time for the, simple gating arrangement shp>^]| in J^i^^ is: 



2 CLK cycles at 8 MHz 
" Addiess valid" de]scy~ 
- M/ro setup time (82288) 



12S.0 ns 

60-.^~m- 

- 22.5 ns 
42.5 ns 



or 42.5 ns from address \^£tf<l%'£l^s^Sent setup time f^TM/W^WMn^W^hy the 82288 Bu: 
iController. i 
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The same circuit technique shown in Figure 5-3 may be used to memory-map I/O devices that reside 
on the Multibus. The Bus Controller shown in the circuit would then be used to control the Multibus 
signals; this technique is discussed further in Chapter Seven in conjunction with Multibus I/O. 

8-Bitl/O , j| 

Although 8-bit I/O devices may be connected to either the upper- or lower-half of the data bus, it is 
recommended that designers use the lower half of the data bus for 8-bit devices. ^ 

trhe particular address assigned to a device determines whetha*-byte transfers will use the upper- or 
lower-half of the data bus. 

• If a device is connected to the upper half of the data bus, all I/O addresses assigned to the device 
must be odd (AO =1). I 

* If the device is on the lower half of the bus, its |^dresses must be even (AO = 0). 

Since AO will always be high or low for a specific device, this address line cannot be used as an address 
input to select registers within a device. If a device on the upper half and a device on the lower half of 
the bus are assigned addresses that differ only in AO (adjacent odd and even addresses), AO and BHE 
must be conditions of chip select decode to pifevent a write to one device from erroneously performing 
a write to the other. Figure 5-4 shows several techniques for generating chip selects for I/O-mapped 
devices. 

The first technique (a) uses separate 8205's to generate iiihip sil^te-lfoi^d- and even-addressed byte 
j>eripheral devices. If a word transfer is performed to an even-ad<iressed device, the adjacent odd- 
addressed I/O device is also selected. This allows accessing the devices individually for byte transfers 
or simultaneously as a 16-bit device for word transfers. The second technique (b) restricts the chip 
selects to byte transfers. Word transfers to odd addresses, since they are performed as two byte trans- 
fers, are also permitted. The last technique (c) uses a single 8205 to generate odd and even device 
selects for byte transfers. Even device selects ,are generated for both byte and word transfers to even 
addresses. J \ 



If greater than 256 bytes of I/O space are required, additional decoding beyond what is shown in the 
examples may be necessary. This can be done with additional TTL, 8205's, or PROMs. Figure 5-5 
shows an Intel 3605 A bipolar PROM used as an I/O address decoder generating latched chip-selects. 
The bipolar PROM is slightly slower than multiple levels of TTL (50 ns for PROM vs. 30 to 40 ns for 
TTL), but provides full decoding in a single package, and allows easy reconfiguration of the system 
I/O map by inserting a new PROM; no circuit board isr wiring modifications are required. By using 
ALE to latch the decoded chip selects, up to 68 ns are avaUablefordecoding without affecting addres^ 
access timing: ' "* 

2 CLK cycles at 8 MHz ^ ^ 125 ns 

minus address valid delay (max) — 60 ns 

plus ALE delay (min) *° + 3 ns j 

Minimum address decode time = M ns m&x 

One last technique for interfacing with 8-bit peripherals is considered in Figure 5-6. The 16-bit data 
bus is multiplexed onto an 8-bit bus to accommodate byte-oriented DMA or block transfers to memory- 
mapped 8-bit I/Oi Devices connected to this interface may be assigned a sequence of odd and even 
addresses rather than all oddito«lft@i^3 OM jgciilsiensO .ve eiueR 
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Figure 5^. Generating I/O CMp'^iMeetabbo ji: 
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Figure 5-5. Bipolar PROM Decoder for 8-bit or 16-blt I/O Devices 
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for efficient bus utilization and simplicity of device s electio n, 16-bit I/O devices should be assigni 
to even addresses. As shown in Figure S-7, both AO and BHE should be conditions of chip4elect decode' 
to guarantee that a device is selected only for word operations. ' 



Linear Chip Selects 



I' 



Systems with IS or fewer I/O p^rts that reside only in I/O space, or that require more than one active^ 
select (at least one low active and one high active) can use linear chip se^^ to access the I/O devices.; 
Latch^ address lines Al throu^ A^^ jsoni^ directly to J ^O device'^ ects as sbasm in Figure 5-8. 1 



TIMING ANALYSIS FOR I/O OPERATIONS 



By analyzing the worst-case timing for 80286 I/O cycles, designers can determine the timing require- 
ments for various I/O devices and the need for wait states in the lAPX 286 bus cycle. This secti 
explains how to perform a worst-case timing analysis for I/O operations. 



Timing for 80286 I/O cycles is identical to memory cycle timing in most respects and, like memory 
timing, is dependent on a particular model. Figure 5-9 shows the model used here to discuss worst-case 
timing analysis. Address and chip selects are measured from the outputs of latches (strobed by ALE). 
Data valid for reads is measured at the data pins of the CPU. Data valid for writes is measured at the 
data inputs to the I/O device. lORC and lOWC are 82288 outputs. Figures 5-10 and 5-11 show I/O) 
read and write timing for no-wait-state operation. i 
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Figure 5-8. Linear Selects for I/O iJevices 



The timing parameters used in the analysis are defined as follows: 



6 bnemrnos bne «jihbi 



TLAVCML = Latched address valid to command active 

TCMHLAX = Latched address hold from command inactive 

TCMLCMH = Command pulse width 

TCMLDV = Command active to data valid 

TLAVDV = Latched address valid to data valid 

TPVCMH =57 Data valid tp command inaqtivie,; n I,; - r i 

TCMHDX = Data hold from command inactive i , -^ j . ; , 

TCMHDF = Data float from command inactive 

TLCECML = Latched chip enable to command active 

TCMHLCEX = Latched chip enable hold from command inactive 

TLCEDV = Latched chip enable to data valid 

TCMLCML = Interval from orie operation to the next 

TCMHCML = Interval bettm^BiemlRands (not sbiowii) = stni) ^i^aoji; 
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Figure 5^. I/O Cycle Model 



The worst-case timing values can be calculated by assuming the maximum delay in the latched address, 
chip select, and command signals, and the longest propagation delay through the data buffers (if present). 
These calculations provide the minimum possible access time and can be used to determine the 
compatibility of I/O devices. 

i>ii "l: - .i^>;!;.iu. sill ai Uf'Si. ^■i,.>f i -ii' ■ . ' 

Read Operations 

For read operations, data must be valid at the pins of the 80286 10 ns before the falling edge of CLK 
at the end of T^. The important timing parameters that determine whether I/O devices require one or 
more wait states are the address and command access times required by the device before read data 
will be valid. 

Taking into consideration the maximum propagation delay through the 8286 data transceivers (30 ns 
max), the worst-case address access time provided during read operations with zero wait states is: 

3 CLK cycles at 8 MHz 187.5 ns 

— ALE active delay (max) ^ . r- 15.0 ns , , ,. 

- 8282 address latch delay (max) " ' ' ' -45.0 ns ■ - - ' ' ■ ' 

- 8286 data buffer delay (max) — 30.0 ns 

— Required data setup (min) — 10.0 ns 

Minimum address access time = i i ^A^aMfflHOi^d Uv-^im = 
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Figure 5-10. I/O Read Cycle Timing 
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tiuics piuviueu aunng reaa cycles are similar: 



2 CLK cycles at 8 MHz 125 ns 

— Cmd active delay (max) — 20 ns 

— 8286 data buffer delay (max) — 30 ns 

— Required data setup (min) — IQ ns 
Minimum cominand access time = i I 6S ns min. i 



If wait states are inserted into every I/O cycle, access times for the relevant parameters are increasec 
by 125 ns for each wait state. Address, chip enable, and command times for a single buffered system 
running with from zero to two wait states are shown in Table 5-1. 

Another critical timing parameter for I/O read operations is data float time. Data float time measures 
the time required by the I/O device to disable its data drivers following a read operation. If the iAPX 
286 attempts to perform a write operation immediately following a read from an I/O device, the I/O 
device must disable its data drivers before the DEN signal from the Bus Controller re-enables the 8286 
idata triftseelvers, or data bus contention will occur. ^|""J~" '•' j 

For the I/O configuration shown in Figure 5-9, the maximum data float time afforded an I/O device 
is 57.5 ns. For a typical I/O device, this allowed data float time is inadequate. However, if a buffered 
local bus contains only I/O devices, the iAPX 286 cannot perform back-to-back read-write operations 
to that bus, and so the circumstances producing bus contention will not occur. If the I/O devices share 
the bus with memory such as static RAMs, then back-to-back read-write operations are possible and 
ibns OTfttfentio n must be specifically prevented. j 

To accommodate the data float time requirements of typical I/O devices, and thereby avoid bus 
contention, the output enables of the data bus tranceivers can be delayed for the necessary length of 
time. Figure 5-12 shows an example circuit that delays enabling the data transceivers following a read 
operation to the selected I/O devices. This same circuit, described in the previous chapter for use with 
Imemory devices, provides a maximum data float time for a peripteral of: 

2 CLK cycles at 8 MHz (Cmd to DEN active) 125 ns i 

— Cmd inactive delay (maxj) x 15 ns 

+ 8286 enable time (min) j ' + 10 ns 

Maximum data float time 4- 




Write Operations ,2 ,^; 

For typical write operations to an I/O device, data is latched into the device on the rising edge of the 
Write command at the end of Tg. The important timing parameters that determine whether wait states 
iare reqtut«j4.are the address ^staiLsimfflaJIii. access times befqre comt^d high. 

I - t 



Table 5-1. Timing Analysis for 8-MHz I/O Read Operations 



Worst-Cas^ Access Time 
Before Data Valid 


Zero 
Walt States 


Ofie 
Wait State 


Two 
Watt States 


Address Access time (min) 
Chip-Select Access time (min) 


87.5 ns 
87.5 ns 


212.5 ns 
212.5 ns 


337.5 ns 
337.5 ns 
- atSiw ' 


Conrmand-Access ( ^^^^^ 


— 65 US' 


196-ns 

■a ewatH 



5M8 



21078(M)01 



I/O INTERFACING 



?..Vl!! 



82288 
BUS 
CONTROLLER 



(/Bi. 



I. 



I :: .Till 



I5WC 
K5BC 



DT/B DEN 



BUS SELECT 
(LATCHED OUTPUT OF 
ADDRESS DECODER) 



74LS175 




74LS175 


D 










Q 









On 



DATA 



8286 
TRANSCEIVER 



T OE 



I/O 
DEVICE 



Di5-Do 



210760-101 



The worst-case address-valid to command-high access time provided during write operations with zero 
wait states is: 33jqMAXn HOA-=!?}.TrK, i » : 



3 CLK cycles at 8 MHz 

— ALE active delay (max) 

— 8282 address latch delay (max) 
+ Cmd inactive delay (min) 
Minimum address access time = 



187.5 ns 

ngotS i-M'-: — 15.0 ns 
- 45.0 ns 
+ 3.0 ns 



130.5 ns min 

r 



Worst-case command-active to command-inactive timing is calculated in a siinilar manner (command 
timing for write operations is not affected by buffers in the data path): 



2 CLK cycles at 8 MHz 

— Cmd active delay (max) 

+ Cmd jj^ctive delay (min), ■ 



125 ns 
. - 20 ns 
ana.Oi + 3 ns 



ns roip- 
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The data-valid to command-inactive time for write operations must include data buffer delays. Assum- 
ing a 30 ns maximum delay through 8286 buffers, the data-valid to command-inactive setup time is: 

3 CLK cycles at 8 MHz 187.5 ns ! 

— data valid delay (max) — 50.0 ns I 

- 8286 data buffer delay (max) - 30.0 ns 

+ Cmd inactive delay (min) -l- 3.0 ns I 

Minimum data setup time 110.5 ns min I 

j 

If wait states are inserted into every I/O cycle, each of the relevant parameters for write operations 
are increased by 125 ns for each wait state. Address, chip^nable, command, and data-valid times for 
a single buffered system running with from zero to two wait states are shown in Table 5-2. 

The CMDLY and CEN inputs to the 82288 can significantly alter bus cycle timing. CMDLY can 
delay commands to produce more address, chip enable, and (for write operations) data setup time 
before a command is issued. CEN can hold commands aiid data buffer control signals inactive, also 
altering bus cycle timing. When v^ed, the efifects of these inputs must also be included in any worst-, 
case timing analysis. 

Matching I/O D^ice Requirements 



The timing requirements of various I/O devices can be determined by comparing the timing specifi- 
cations for a device with the worst-case values for 80286 I/O cycles already discussed. From this 
comparison, the required number of wait states and/or command delays for both read and write cycles 
can easily be determined. 



table 5-3 shows the correspondence between important 80286 timing parameters and the timing 
Requirements for Intel peripherals. 



For an iAPX 286 system operating at 8 MHz, two wait states are required to produce adequate timing 
for typical I/O devices. One or more command delays may be required to ensure valid chip-select and. 
address inputs before the command becomes active. T^^g^^.^^^nnPl^^l^lll^t-state and command-delay 
requirements of a variety of comtnon peripherals. 

I/O INTERFACE EXAMPLES 



This section shows I/O interfaces to the 8274 Multi-Protocol Serial Controller, the 8255 A-5 
Programmable Peripheral Interface^ and^e-8259A-2 Progranmiable Intertupt Contrcdltei ' ' 



Table 5-2. msmi 


ripilns Analyais for I/O Wrttft^QpMi^on* <!.>L ; -ni rr 


Worst-Case Access Time 
Before Command High 


Zero 
Walt States 


One 
Walt State 


Two 
Wait States 


Address Access time (min) 
Chip-Select Access time (min) 

Command Pulse width (min) 
Write Data Setup Time (min) 


130.5 ns 
130.5 ns 
108 ns 
110.5 ns 

XA! 


255.5 ns 
255.5 ns 

233 ns 

235.5 ns 

^ .nmi; ff v^M ^ 


380.5 ns 
380.5 ns 
358 ns 
360.5 ns 
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Table 5-4. Timing Requirements for Selected Peripherals 



Intel 
Peripheral 



Required 
Wait States 



Required 
Command Delays 



8251 A 

8254- 2 

8255- 5 
825gA 
8271 
8272 
8274 
8291 



•3- ?si-;effil 03"% 
2 
2 
2 
2 
2. 



1 
1 

— a 






Q 



8274 Interface 



The 8274 Multi-Protocol Serial Controller (MPSC) is designed to interface high-speed serial commu- 
nications lines using a variety of communications protocols, including asynchronous, IBM bi-synchron- 
ous, and HDLC/SDLC protocols. The 8274 contains two independent full-duplex channels, and can 
serve as a high-performance #^iiifei«''^f*%liSiS^|Mversal Synchronous/ Asynchronous Receiver 
Transmitters (USARTs). .. . , 

Figure 5-13 shows the signals required to interface an 8274 MPSC to an iAPX 286. The 8274 MPSC 
is accessed by the iAPX 286 as a sequence of four 8-bit I/O-address or memory-address locations. For 
interrupt operation, the 8274 can respond to 80286 interrupt-acknowledge sequences in the same manner 
as an 8259A Interrupt Controller, and ®stti'b#»Bed t» etojw^tetf'^Mi^iiiaster 82SfiA l^fetift 
Controller in a cascaded configuration. 



The chip-select and address inputs (CS, AO, and Al) to the 8274 must all be latched. Typically, address 
input AO and Al would be connected to the latched address lines Al and A2, respectively, of the local 
address bus. A single level of buffering is typeally on the 8 data Maes between the CPU and the 
8274 MPSC. 
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5-13. 8274 MPSC Interface I 



[Tbe 8274 and WR commands are connected to the lORC and lOWC outputs of the 822S8 Busj 
pjntrdte. To pro\^e an acceptable CLK input for the'8274 MPSC, thfe 82284 PCLK i^ock frequency' 
!can be divided by tivo and used to drive the 8274 CLk input. ! 



For latemipt operation, the INTA signal from the Bus Controller is also connected to the 8274 MI^C. 
When u^ng the 8274 in a cascaded interrupt config uration , the IFI input from the^^dbllllii^4ilift:!6iss 
decod er mus t be valid before the falling edge of the INTA signal. A 450 ns delay circnit is used to 
delay INTA until this decoded CAS address becomes valid. , , 

Further details on interfacing the 8274 MPSC to a microprocessor system can be found in the appro- 
priate data books. The following discussion looks at the bus timing requirements for accessing the 8724 
MPSC on a buffered iAPX 286 local bus. 



READ TIMING 

Tbg tiding t9qmtit»^^l^^^4Mf!S/Ri^aa {^^ 
TARmin = ns 

TRAmin = ns . ^liiibfa. • jjirx* Hrt 

TRRmin = 250 ns , ^ , . -. .^.Jt; . ...j . • ..;> .0 ad bi, , ' wie (VA 

Wihmi ■ ^:i20ftm- -!t;ii;i ...)sb » sri) (!0 b-5?i, vl^. ^; ^1 'jr -rsi'ii:/? 'If. !t;v3! ■ . % ii,.,);- 

TDFmax = 120 ns ')-•' 
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I/O INTERFACING 



A comparison of TAR (0 ns min. required) with 80286 timing (5.5 ns min. provided) shows that no 

command delays are required. The command pulse width requirement (TRRmin) of 250 ns minimum 
indicates that at least two wait states must be inserted into the iAPX 286 bus cycle (command pulse 
width with two wait states is 310 ns). With these two wait states, read operations to the 8274 result in 
a data access time of at least 315.5 ns, easily meeting the 8274 requirement for at least 200 ns. 

Data float time for the 8274 MPSC is 120 ns maximum, and may necessitate the delayed-transceiver~ 
^nable circuit shown in Figure S-12. The circumstances requiring a delayed transceiver-enaUe to 
f4a,t3i float times have ^^KH^cnbeS in the previous section on Roui^ieast^ons. 

Write timing requirements for the 8274 MPSC are as foHows: > ' 

TAWmin = ns " _ . '. ^ 

TWAmin = ns -x;-. 
TWWmin = 250 ns j 




B5 a r3»3S 

TDWmin = 150 ns | 

TWDmin = ns " 
TRVmin = 300 ns 

The first three timing requirements (TAWmin, TWAmin, and TWWmin) arc identical to their equiv- 
alent read parameters, and require identical timing. Like Read operations, write operations to the 8274 
^vst ham two wsi^iitates inserted into the iAPX 286 bus cycle. ■, 

The remaining three parameters are specific to write cycles. With two wait states, the iAPX 286 easily 
exceeds the minimum 8274 data setup time (TDWmin =150 ns) by providing at least 255.5 ns. The 
MM 0e^0e$ ae^iiiiftlieM time. 

TRVmin is the recovery time between write cyclra to the USART. Rjecovery time is required following 
any mode changes or control accesses. The circuit shown, however, guarantees only 62,^ |^;b^^e$n 
successive Write commands. The proper recovery time between successive write cycles can be obtained 
easily through software delays, or can be implemented in hardware by delaying commands by an 
appropriate four CLK cycles. 

8255A-5 Interface 

Figure 5-14 shows the interface between an 82S$A-$.^^grammable Peripheral Intex^ac^^^i^ an iAPX 
286^ Timijjg parameters are as follows: 

' ' ' ' Read Timing Write Timing 

TARmin = ns TAWmin = ns , , , 

TRAmin = ns TWAmin = 20 ns 

TRRmin = 300 ns TWWmin = 300 ns 

TRDmax = 200 ns TDWmin = 100 ns 

- . . - TDFmax = 100ns TWDmin = 30ns 

■ naJxa ^<) ! .-lO.T <,-,riiib ■ixri 

TCYCmin (Reads and Writes) = 850 ns 

A btis cycle with two wait states and iio^ command delay, and using the additional delayed-transceiver- 
e^&e i^ib tb d^la^'^iblini;fle''d^'t^i^B5d^^ fbt'loWing a read operation, meets all of the timing 



reqtiireioitts except for the time between cycles (TCYC^)f niB^&^ )0ktni^'H^ 0md 
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through an appropriate software dela^ ®f in hardware by delaying eommands the required number of 
GLK cycles (and inserting Wait states to meet the other requtremOTts). - ■ r' '^ 



8259A-2 Interface 



The 8259A-2 Programmable Interrupt Controller is designed for use in interrupt-driven microcomputer 
systems, where it manages up to ei^t independent interrupt sources. The 8^2S9A-2 hadS^l^ tntejtrupt 
priority-resolution and individual interrupt masking, and directly supports th6 iAPX 2i^itoShner of 
acknowledging interrupts. During iAPX 286 interrupt-acknowledge sequences, the 8259A resolves the 
highest-priority interrupt that is currently active, and returns a pre-programmed interrupt vector to the 
80286 to identify the sonri^ of theifit^rupt. - 

A single 8259A-2 Interrupt Controller can handle up to eight external interrupts. Multiple 8259A-2 
Interrupt Controllers can be cascaded to accommodate up to 64 interrupt requests. A technique for 
handling more than 64 external interrupts is discussed at the end of this section. 

= i;?in AT t ri .J.;/;;l) r:.r 3Y->T 

Intel Application Note AP-59 contains much more detailed information on configuring an 8259A in a 
variety of different ways. The remainder of this section contains specific details for inter;^acin| an 
82594 In^rny)^^trolls|;^%i^^ ^.A,,;:.^^'^^^.!^''' ' ^ 
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SINGLE INTERRUPT CONTROLLER 

Figure 5-15 shows the interface between the 80286 CPU and a single 8259A-2 Interrupt Controller. 
Timing parameters for the 8259A-2 are as follows (note that symbols used in the 8259A data sheet 
li^er |roin tho^jisdd for most of the other Intel peripherals): 



Symbol Parameter^ ^.^^ °* 

TAHRLmin AO/CS Setup to RD/INTA Active 

TRHAXmin • ""^"^ AO/CE Hold from RD/INTA Inactive 

TRLRHmin RD/INTA Pulse Width 160 

TRLDVmax Data Valid from RD/INTA Active 120 

TRHDZmax t)ata Float from RD/INTA Inactive 100? 

f Rfpdfflte . End of RD to next RD or End of INTA 1 60 

' ' to next INTA within an INT^ 

sequence only I 1 

TAHWLmin " ^ AO/CS Setup to WR Active 

TWHAXmin AO/CS Hold from WR In|cfiw 

TWLWHmin . WR Pulse Width 190 

TDVWHmin Data Valid to WR Inactive 160 

TWHDXmin Data Hold from WR Inactive 

TWH#L$iin End of WR to Next WR 1 90 

TCHClimin End of Command to Next Command 500 

Ai. _ ..(not same type) or End of INTA 

'' ilequeac^ to Next |[NTA Sequence 



To ensure proper operation, bus operations accessing the 8259A require one wait state. No CMDLYs 
are necessary. Because the 8259A requires a minimum of 500 ns (typically, two bus cycles) between 
successive reads or writes, software accessing the 8259A should be suitably written to avoid violatinf 
this requirement. 

When an interrupt occurs, the 80286 CPU automatically executes two back-to-back interrupt-acknowl- 
(^]^ bus cycles. The timing of these interrupt-acknowledge (iNTA) cycles is described in Chapter 
Three. The external Ready logic miist insert at least one wait state into each INTA cycle to ensure 
proper 8259A timing. No CMDLYs are necessary. Betweedi'INTA cycles, the 80286 aUtomalScally 
inserts three idle (T;) cycles in order to meet 8259A timing requirements. 

CASCADED INTERRUPT CONTROLLERS ^ 

Figure 5-16 shows the interface between the 80286 CPU lifitf ittiiMple 8i§9Ai«2' interrupt contixillers. 

The master Interrupt Controller resides on the local bus, while up to eight slave controllers can be 
interfaced to the system bus. Slave controllers resolve priority between up to eight interrupt requests 
and transmit single interrupt requests to the master controller. The master controller, in turn, resolves 
interrupt priority between up to eight slave controllers and transmits a single interrupt request to the 
80286 CPU. Up to 64 interrupt requests can be accommodated by the configuration shown. 

The basic read/write timing for cascaded interrupt controllers is the same as for a singte iqlerrupt 
controlleri The timing for internipt-acknowledge^^equpnoeSvhowevei^^fiilvdteesi^ddititMal^^ 
those reqilired-'forai single iilteiTiipt subsystem. " ■-■ r J' --;- i , - ■ 

During the first interrupt-acknowledge cycle, the master controller and all slave controllers freeze the 
state of their interrupt request inputs. The master controller outputs a cascade address that is enabled 
by MCE (Master Cascade Enable) from the 82288 and latched by ALE; the cascade address is typically 
^llsdonto addresnliiies A8-Adift<raiB)396iiifoltil^^i8^a^^ ei6cffi^<tidlirai»^MftiNN^^ 
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Figure 5-15. Single 8259A Interrupt Controller Interface 



controller that is generating the tojg|ies.tTpriority interrupt request. During the-,se!E*^#^ig|^rjpt-j 
acknowledge bus ^ye^e, tlie slj^y&.cogt^oller responding to the cascade address outputs an interrupt 
vector Uiat points tq, an appropriate interrupt service rout^ 

Chapter Seven includes details for designing systems using cascaded Interrupt Controllers when slave 
^Ittrolleirs tstay reside on a system bus smcfa as the Multib 
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HAMtiiGI MORE THAN 64 INTERRUPTS 



Cascaded 8259A Interrupt Controllers can accommodate up to 64 independent interrupt requests. iAPX 
286 systems that require more than 64 interrupts can use additional 8259A-2 devices in a polled mode. 

For example, interrupt request inputs to a slave controlte can be driven by a third levfel of 8259A-2 
controllers. When one of these additional controllers receives an interrupt request, it driws one of the 
interrupt request inputs to the^sk^e eontcaller active^ The slave controller signals tlm nliMliitiMioieii^, 
li^KK^imSiMBMeiU^ts th©v€PiLvTie(intMQEiipi^teffl6ifier recdved from the slave controller 1 directs 
tie CPU td a service routine that polls the third level of interriipt controllers to determine; the source 
of the request. 

The only additional hardware required to handle more than 64 interrupt sources are the additional 
8259A-2 devices and address-decode logic for selecting the additional devices. Polling is performed by 
1^figMei:pill:«is»^iMd'tS3i8& 
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Figure 5-16. Cascaded 82S9A Interrupt Controller Interface 

maximum performance, use of a third level of interrupt controllers should be restricted to lesd^tical, 
less frequently-used interrupts. 

THE ISBX BUS— A MODULAR I/O EXPANSION BUS 

The iSBX Bus is a modular I/O expansion bus that allows single-board computer systems to be expanded 
aw^y by plugging in specialized iSBX Multimodule boards. 



The iSBX Multimodule boards respond to fully-decoded chip select lines deilned on the bus. An MPST 
control signal indicates to the computer system that a Multimodule board is present. Once a Multi- 
module board has been installed, the I/O devices on the Multimodule board appear as an integral part 
of the single-board computer, and can be accessed in software using the standard I/O instruction set. 

The timin g of bus o perations between an iAPX 286 and an iSBX Multimodule Board is controlled by 
the iSBX MWAIT signal. This signal is asserted t o insert wait states with the 80286 bUs cycle, and 
can simply be inverted and used to drive the 82284 ARDY input. 

The iSBX Bus is described in the iSBX Bus Specification, Order Number 142686-002. This document 
contains complete details for designing Multimodule boards compatible with the iSBX bus standard. 
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CHAPTER 6 

USING THE 80287 NUMERIC PROCESSOR EXTENSION 



The Intel 80287 is a high-performance numeric processor extension that extends the iAPX 286/10 
system by adding floating-point, extended-integer, and BCD data types. The iAPX 286/20 system, 
comprising an 80286 processor with an 80287 processor extension, contains over flfty additional 
instructions over those of an iAPX 286/10, and fully conforms to the proposed IEEE 754 Floating 

Point Standard. The additional instructions added by the Numeric Processor Extension are described 
in the 8086 Numeric Supplement as well as in the 80287 Data S|ieet. 

I I r.^SM j^L, . f ,^ ■ 

This ctajpter details how to design an iAPX 286/20 system connecting the 80287 Numeri^ Processor 
to an iAPX 286/10. 

' 11 r- ■': .UU-p,^ 

• The hrst section of this chapter describes the electrical connections of the 80287 ^ an iAPX 
286/10 system. : . ; ' " ! 

• The second section describes the local bus activity you may observe using the 80287 with the 80286. 
This bus activity includes: 

A. Interactions between the . 80286 and 80287 under program control (executing ESC 

I linstructiorasi). 

I 

I tf.-Interactions that occur asyiichronous to the program, where the 80287 Numeric Processor 
sfer of operands b^siceei ^aelf ^uiil^stem memory using the 80286 Processor 
^batmel^ — 

The flnal section of this chapter describes how to design an upgradable iAPX 286/10 system with 
an empty 80287 socket. This system may be upgi^ded to an iAPX 286/20 system simply by insert- 
ing an 80287 into the empty socket. This section includes an example software routine to recognize 
#ep($i«p6(||4p|H387. v... .-.j > 

' L_ _.]---" 1 



THE 80287 PROCESSOR EXTENSION INTERFACE 

The 80287 can be connected to an iAPX 286/10 system as shown in Figure 6-1. 

Four important pdnts should be observed when connecting the 80287 ts^|A|tH«286/I0RifS9a|Bc» i 

1. The 80287 operates as an extension of the 80286: the 80287 connects directly to the status lines 
of the 80286. The 80286 executes programs in the normal mammr, the 802&7 automatically execute 
any numeric instructions when they are encountered. 

2. The 80287 responds to particular I/O addresses (00F8H, OOFAH, and OOFCH) automatically 
generated by the 80286. Mij}'. tii! y:int;>,fAZ- ■ 

3. The 80287 can be driven by a separate clock signal, independent of the 80286 clock. This allows 
a higher-performance (8 MHz) 80287 to be used if system performance requirements warrant it. 

4. Because the 80287 data linf^ axis f^me(^d directly to those of the 80286, the buffer/drivers 
driving the locm^ data bi^:i|^t.^.,#i|^Y^ , 
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Figure 6-1. iAPX 286/20 System Configuration 



The B0^7 &§kMs Lhn98i ^ '^<^' > • ■ 

The 80287 has a number of status lines and inputs that are connected directl;^ "^o the 80286. 

The ST, S5, COD/INT A, READY, RESET, HLDA, and CLK pins of the 80287 are comiected to the 
corresponding pins of the 80286. By monitoring these signals, the 802S7 can observe tl^Meeution of 
ESC UBtmctions by the 80286. • ' 

ii- M. . .-'r'^jji- _ . Jill* J 1 

The BUSY signal from the 80287 is connected directly to the 80286; it signals that the Processor 
Extension is cu rrently executing a numeric instruction. The 80286 will not execute most ESC instruc- 
tions until this BUSY signal becomes inactive. The 80286 WAIT instruction and most ESC instruc- 
tions cause the to v^it'spedficaHy'ttntflnhti'^gBBid'^ee^^ 
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The ERROR signal from the 80287 is also connected dife<Stly t6 the 80286; it signals that the pfeyipus 

numeric instruction caused an unmaslced exception condition. The 80287 Data Sheet describes these 
exception conditions a nd expla ins how these exceptions may be masked under program control. If an 
exception occurs, this ERROR signal becomes active before the BUSY signal goes iiuu^yitcM^JUiBS 
the end of the numeric instruction. 



Addressing the 80287 

When the 80286 executes an ESC instruction, the 80286 automatically generates one or more I/O 
operations to the 80287's reserved I/O addresses. These I/O operations take place indep^i^.^ the 
80286's current I/O privilege level, snoilOUltBnJ ' <■■ > noitvtft < 

Table 6-1 shows the particular I/O addresses reserved for the 80287 and shows how the four processor- 
select and command inputs of the 80287 must be activated when these I/O addresses are asserted. 
The CMDO and CM Dl signa ls of the 802 87 may be connected'to tfe latched Al and A2 ad dress l ines, 
and, in addition, the NPRD and NPWR signals of the 80287 should be connected to the lORC and 
lOWC signals from the 82288 Bus controller, respectively. 

> I 1 •> , - ' ■ f'.S '■■jUJjo.- j .oi SlU t'-ii ■ 

•'•I' V ■■ ■ <)\ ' T ' 0>v:?^o- ;'"5fC*)>' 'fit BUnlliri"'" 

The 80287 Clock Input 

The 80287 can operate either directly from the CPU clolSfJ^^i^'i' dedicated clock. To operate the 
80287 from the CPU clock, the CKM pin of the 80287 is tied to ground. In this mode, the 80287 
internally divides the system clock frequency to operate at one-third the frequency of the systein clock 
(i,e.. for an 8 MHz 8G286, the 16 MHz system clocIt^^f!M»#!^%'^iifed«do««'t9.-5.3 ' 

To use a higher-performance (8 MHz) 80287, the CKM pin of the 80287 must be tied high, and an 
8284A clock driver and appropriate crystal may be used to drive the 80287 with an 8 MHz, 33% duty- 
cycle, MOS-level clock signal on the CLK input. In this mode, the 80287 does not internally divide 
the clock frequency; the 80287 operates directly from the external clock. 



Table 6-1. I/O Address Decoding for the 80287 



I/O Address 


80287 Select and Command Inputs 


(Hexadecimal) 


NPS2 


npSi 


CMD1 


CMDO 


OOFS ' ■■' 


1 





















1 






; 


1 





OOFE 




* Reserved For Future Use 

... . fi . 


. fl/i. .. . 



NOTE: 

These addresses are generated automatically by the 80286. Users should not attempt to reference these 
I/O addresses explicitly, at the ri^taeladBiiii|iUAgidalB3iMpiinilbefl^ :id-c i »d. jnoiiiq .xioiin: ti 
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The 80287 operates as a pafaMwgcessoi independent of the 80286, and interacts with the 80286 in 

1. The 80286 initiates 80287 operations during the execution of an ESC instruction. These interac- 
tions occur under program control; thus, they are easily recognized as part of the instruction stream. 

2. The 80287 requests the 80286 to initiate operand transfers using the Processor Extension Data 
Channel of the 80286. These operand transfers between the 80287 and system memory occur 
when the 80287 requests them; thus, they are asynchronous to the regular instruction stream of 
the 80286. 

^etHltion Of ESC Instructions hv:,i .jj.i . ;r, 

When the 80286 encounters an ESC instruction, the 80286 first checks for the presence of the Proces- 
sor Extension and verifies tha^ the jPi^e$s9r E;itei^ioii |$ in the proper context. If th«^,j^JJ§l^ stetus 
li^ from the 80287 is ^ctiye^ tjbue ^^2^6 waits for this signolr to. become inactive 'befoiip.^»!M«|siiiag to 

When the 80286 executes an ESC instruction, the 80286 automatically generates one or more I/O 
operations to the 80287's reserved I/O addresses. These I/O operations take place independent of the 
80286's current I/O Privilege level or Current Privilege level. The timing of these I/O operations is 
similar to the timing of any other I/O operation, with no (zero) wait states required for successful 

tmMm. ■ • 

I^uf«&r24^tnit6s thetimiag9l<^:tatraps^ . . , rRc 



All transfers of operands between the 80287 and system memory are performed by the 80286's internal 
Processor Extension Data Channel. This independent, DMA-like data channel permits all operand 
transfers of the 80287 to fall under the supervision of the 80286 memory-management and protection 

DATA f^MNNEL REQUESTS 

When the 80286 executes an ESC instruction that requires transfers of operands either to or from the 
80287, the 80286 automatically initializes the Processor Extension Data Channel, setting the memory 
address-base and memory address limit registers, and setting the direction flag to indicate the direction 
of thsiil^^er. Once the 808^6 has initiali;^ the Pro<^sor E^tf^ion Data Channel, the Processor 
iF#tenSjtin can jequest operandaransiiei:&jthrough.thft.Ite.ta. Channel hy-J^using P EREQ.ac tiye. Thi4 
vetuest Une remaiip high u^il the 80^86 acknowledges pe requ^t by lovi^ring its FE^f^k^^ signal. | 

Figure 6- 3 illustra tes the timing of PEREQ and PEACK in controlling the operation of a Data Channel 

transfer. PEACK always goes active during the first bus operation of a Data Channel transfer. 

..^ ..^ .i 1 , ■„,.{ , , ,. ,. ...I 

PjIMliiHfJ-JMN#FiB§_! '_. ! 

Numeric data transfers performed by the Processor Extension Data Channel use the same timing as 
any other 80286 bus cycle. Figure 6-2 illustrates operand transfers, between the 80287 and system 
memory, placing the 16-bit aperaix^WSeit&MMf^iBAMis&da^mi^^ am ib .v - s.saefrt) e 



6-4 



210760-001 



USING THE 80287 NUMERIC PROCESSOR EXTENSION 




IQRe(NPRS) 
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A. P«TA READ TIMING FOR THE 80287 



CLX 




Ais-Ao 



I/O ADORED VALID 



X 



5 .r-ii aitjg!- 



LATCHED ~~~ 
CMDO, CMD1 



~- 4 



DATA IN I 
VAUD I 



BWC (HPWR) . I.. ] 



:;3C{L. VliT! ;.-'V_l 



•!r'> I:: 



Figure 6-2. Data Transfer Timing for the 80287 



For each operand transfer over the Processor Extension Data Channel, two or three bus operations are 
performed; one (I/O) bus operation to the 80287, and one or two bus operations to transfer the operand 
between the 80286 and system memory. Normally, Data Channel transfers require only two bus cycles; 
three bus cycles are required for each operand aligned on an odd byte address. The timing of word 
transfers to odd-aligned addresses is described in Chapter Three. 



Operand transfers over the Processor Extension Dat a Chan nel may occur at any time following an 
ESC instruction as long as the Processor Extension's. BJUSY^signaL is actur&.Qnoe this PUSY signal 
becomes inactive, no further requests by ^iMWhttkMm)!Saia&2i$mim\^M' (Xc^ die 
execution of a subsequent ESC instruction. ! I sintjl 
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{ Figure 6-3. Data Channel Request and Acknowledge Timing 

DATA CHANNEL PRIORITY " " — — 

Data transfers over the Processor Extension Data Channel have a higher priority than either pfogranuned 
data transfers performed byH»fi llff'ti 9"^, '"stmctinn prefetch cycles perfiMtned by tbp 
80286 Bus Unit, ■ ' ^'V/" "Fa . r ' 



If the 80286 is currently performing a LOCKed instruction, or is performing a two-byte bus operation 
required for an odd-aligned word operand, these higher-priority operations will be completed before 
the Processor Extension Data Channel takes control of the bus. The Processor Extension Data Channel 
also has a lower priority than external bus requests to thie^'802S6^via the HOLD input. 



Performance Using 80287 PareNel Proeessing 

Because the 80287 Numeric Processor executes instructions in parallel with the 80286, the perform- 
ance of the iAPX 286/20 system is fairly insensitive to memory speed and the iiui^^^^^^f^t^|tates 
encountered by the 80286. . 'i . 

Table 6-2 illustrates how the performance of an iAPX 286/20 system is only slightly degraded as the 
numb«- (tf wait states is increased. The figures shown are for an 8 MHz 80286-Al with a 5 MHz 
80287-Al operating in Real mode. For an explanation of the Double-Precision Whetstone Benchmark 
Bsed in this test, see "A Synth^afcBendiiHasBk^'^H. J. Curnow and B. A. Wichmann; Computer Journal, 
Volume 19, No. 1. iw^Jouium l>>'.ii , . '^ j r; v . 
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Table 6-2. Whetstone Performance with Multiple Walt States 





Performance 


Number of Wait States 

. Stan! 1 9 s I ■ ... u '< \ 8 S S 


dWhets' 

\ f i s s } 9 b J 


3 r j I n 


1 IT p i 


Relative to \ 
0-wait states 




147.9 






1.00 ; ■ 


- V - 
2 


142.5 
138.5 




J A 


0.96 
6.94 


3 


135.4 






0.92 



( . . • e 's 1 q V a ii t I n ■) n B 1 a : '. i i t U 'j S C 

rPerformance shown in thousands of double-precision Whetstorte instrucBbns per secpfW- 

X ft W ,i )», c 

. ' i . - . ■ '-■ ^ T " f 
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When designing an iAPX 286/10 system, it is relatively easy to design a socket for the 80287 Numeric 
Processor Extension that permits the system to be upgraded later to an iAPX 286/20 system. Upgrad- 
ing the system at a later date is accomplished simply by installing the 80287 Numeric Processor in its 
:socket — no switches or strapping options are required. Using an appropriate initialization sequence, the 
|iAPX 286 system can determine whether an 80287 is present in the system, and respond accoTdingly|, 
f'Hiis capability allows a single design to address two dlffemit levds of systena price vs. perioJMmce. i 



Designing the 80287 Socicet 

Figure 6-1 shown previously illustrates one way to design an 80287 socket to allow upgradability. A 
single pull-up resistor is attached to data line D7 to ensure that this data bit will read high during a 
floating condition. As explained in the following section, this data bit reading high will properly indicate 
ti^alisence or pr^ence of the 802S7 Httmeiic Processor. 



Recognizing the 80287 

During initialization, the 80286 can be programmed to recopiize the presence of the 80287 Numeric 
Processor Extension. Figure 6-4 shows an example of such a recognition routine. 

In the example routine, the 80286 assumes that the 80287 is present, and executes an FNINIT instruc- 
tion. Following the FNINIT instruction, the 80286 reads the 80287 status word. If an 80287 is indeed 
present, the lower 8-bits of this word (the exception flags) will all be zeroes. If an 80287 is not present, 
these data lines will have been floating. The preceding section of this manual explained how to design 
the 80287 socket to ensure that at least me of these lower-eight data lines floats high in the absence 
of the 80287. 

Depending on the contents of these data lines, the 80286 can determine the presence or absence of an 
80287 and then accordingly set or clear the MP and EM bits in its own Machine Status Word. If the 
80286 determines that the 80287 has been installed, the 80286 will automatically pass all subsequent 
numeric instructions to the 80287 for execution. If the 80287 is not present, the 80286 can automati- 
cally invoke a software emulation routine each toe it encounters a numeric instruction in Us instruc- 
tion path. 
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initialization routine to detect an 80287 Numeric Processor 



FHD_287P"^^NINIT 



'J- 



AX 
AL 



1 

, aL 



i n H i a 1 1 z e jNume r i c Processor 
retrieve 811287 status word 
test low-byjte--80287 exception flags 
if all zer^, then 80287 present an d 
properly li^ltlalized 
li not all 'zero, then 8 28J.. 



SHSU 
OR 

LHSM 

JHP 



G0T_287 : branch if 80287 present 



AX 

04H 

AX 

CONTINUE 



"©OifK^elti SWStt AX 

. ■ ' : Q!R 02tf 

LMSU AX 

CONTINUE: 



; No Numeric Processor-- 

; set En bit in machine status word 

; to enable software.emulatlon of 8 0287 

■i -Nunerld Processor presiS^t 

; set MP, bit in machine status word 

; to permit normal 80287 operation 

; and off we go... 



f. .'I- 



Hb ' '.'if' ill 



Figure 6-4. Software Routine to Recognize tlie 80287 
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: ■ CHAPTER "^^-'-^'^^^ 



The concept of a system bus has already been introduced in Chapter Two. A system bus connects one 
or more processing elements, each of which shares access to the same system resources. One or all of 
the processing elements in such a system may be lAPX 286 subsystems. Chapter Two outlines how the 
iAPX 286 system architecture supports a system bus, and detaib'k)me-t]f t)ie''«ni«dmtii^fdf^iite^^ 
facing an iAPX 286 system to a multiprocessor system bus. ' ."^-^ ■ •■ r • k ? ' 



This chapter expands on the description eiven in Chapter Two and^describes how to interface an iAPX 
igryfite^lt^ra^ttimaSf^ 



»bus protocols. 

• The first section of this chapter discusses some of the reasons for using a system bus, and describes 
^ tradeoffs between placing particular system resources on a local bus or the system bus. 

• The second section describes a particular implementation of a multiprocessor system bus, the IEEE 
796 (Intel Multibus) system bus. This section also details how specific Intel components can make 
the design and implementation of a Multibus interface easy and efficient. , ' ' 

■ I The ti|icdi«QGtaoa(de8oribes>4facK af-^fbur prind that must be takenijptiiBl^ii^ 

wlhbnvdb^SHfolg'tA'iAPX ^86'iitrtei^a5 tothe MBltibus-. This sectioii describes: " ^^' iv ii^<^-'-< i 

A- The decoding of memory and I/O references onto cither the iAPX 286 local bus or the Multi- 
bus. A iec^nji^^ for^p^^g^^^lUJjii^ I/O into J^e iAPX memo^ space is ^explained, 
and a byte^wapping drcmt" is mfroauicIS to Sonipfy wifn i^e 
transfers. 

B. The decoding of interrupts and interrupt acknowledge sequences onto either the local bus or 
the Multibus. 

• The fourth section describes the use of the 82289 Bus Arbiter in implementing a Multibus interface. 
The Bus Arbiter coordinates the contentiion of the iAPX 286 system for the Multibus, and controls 
the release of the^oltibmita^lH^ilv^Milg^peiiwsis^feU iAPX 286 usage. , . , 

• The fifth section contains a timing analysis of the Multibus interface, and summarizes the key 
Multibus parameters, describing how the iAPX 286 system must be configured to meet these 

■■■riEqufrements-. ■ ' .t 

• The sixth section discusses using dual-port memories with the Multibus system bus interface, and 
describes the handling of LOCK signals. . ^ i 

. ■ '.>bi. \\ .boMbie.io--' 

• ' {!.■• ,.,-. .-^.ijvv; ii.iiw ;>J.;'.'inurnni'.j L'j i'. ,h %nh?ii)'j 

THE SYSTEM-BUS'tJOWfeEPt" '""^ <^-'<"/' srf' b-'-^"",". '-it <: r.,t • ' j^/>-: - - 



Previous chapters considered single-bus systems in which a single iAPX 286 processor connects to 
memory, I/O, and processor extensions. This chapter introduces the system bus con«aspt; Mitife iiHows 
several single-bus systems to be coimected into a more-powerful multiprocessing system. 

In a single-bus system, a local bus connects processing elements with memory and I/O subsystems 
where each processing element can access any resource on the local bus. However, since only one 
processing element at a time can use the local bus, system throughput cannot be improved by adding 
more processing elements. For this reason, a local bus typically contains only one general-purpose 
processing element and perh|ipsgoiie or mofe ididiBcUed processois,ualoiiAfHt^.mem^ia]id<«bier 
resiQ)o»es>>eiluirediby4he praceswrs^ <L r:i ^nhiun-t Mid o; otsojn iol it- ;. .rq lodio >. ' 
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A system bus can connect several processing subisystems, each of which may have their own local bus 
and private resources. The system bus may also connect system, resources such as memory and I/O, 
which are shared equally between processing subsystems. In tfiis'way, the system bus supports multi- 
processing. Since each of the processing subsystems can perform simultaneous data transfers on their 
respective local buses, total system throughput can be increased greatly over that of a single-bus system. 

The system bus also establishes a standard interface, allowing computer systems to be expanded 
modularly using components from different vendors. The Intel Multibus, for example, has over 100 
vendors supplying over 800 board-level products that are compatible with the Multibus interface. Using 
the standard Multibus protocols, a wide variety of I/O devices and memory subsystems are available 
^ expand the capabilities of iAPX 286 systems. 

Although the bulk of this chap^er^^esi^rib^ tbe M system busi the concepts discussed here are 
applicable to any system bus. 

i H no 230i«o«9i rnsTsvB iBloaiiiEq ^nioBiq ns' ■ j Troit .•; 

The Division of Resources 

The heart of the system-bus concept is the division of resources betweei^ a processing elito^iait's local 
biis mj Ae system bus. typically; a^ iJA^^M'WttjM'th&'&M&fawiJfy^^ 
some'^aimcDant of memory and perhaps other resource connected to its : loeali bus. An important point to 
consider in designing a multiprocessing system is bow resources will b6 divided between local buses 
and the system bus. An iAPX 286 subsystem must communicate with resources on both its local bus 
and the system bus. There are a number of tradeoffs between placing a particular system resource such 
p0ii!f on jij^c prji^ji^'/^ bus, pr Kt|^||;^;^^^ Sn the systdia ^^' '^ "^^^ 

LOCAL RESOURCES 

Resources on a local bus are accessible only by the processor controlling that local bus. This may 
increase reliability, for such resources are isolated from the effects of failures occurring in other partis 
of a system: System throughput can also be increased by using local res^rces, since the lo&d processor 
does not Mve to'S^end w^A'tMbar ftboe^sm'm^lik^ii^orilh^if^^^ metal 
processors each have their own local memory, multiple tasks can execute in parallel because; each 
processor is fetching instructions from a separate path In an iAPX 286 system, local memory allows 
the 80286 to use its capability for overlapped memory cycles to the best effect: 80286 ,h)|ff,f3fcles can 
be performed in the least possible time. 

Of course, the cost of implementing a separate memory subsystem for each processor must be 
considered. In addition, some memory will have to be connected to the system bus, to aMtm diflerent 
processing elements to communicate with each other. Occasionally-used processor resources may be 
more cost-effective if they are connected to the system bus, where their use can be sh^recl>aq|cing 
several processors. 

J .'..tf;r. /. ! ,.r_iji 1 i /. 1/ ;>.3 ... ii..f:iv,' It' i.,i:-j!'.xi aaa-aii^m? joiMiaf.- jiqfiri:- Jij r-": 

Resources directly connected to the system bus are accessible to all processing elements on the system 
bus; therefore, they can be shared efficiently among different processors. Memory resources connected 
to the system bus allow processors to pass blocks of data between each other efficiently and thus 
communicate aspfibronoQsly, .3)ei(« ,iti»tl Isool ^il- i, s '.'Tiaoh ^mz.-jz-.. ■ . 

i^.disiiKBnpijpi^p£acingi<eSouKes<oBcthp sse»3emiB»seM>&KAjAsa^^ ^^eontend 
with other processors for access to the bus, residting in slowai«aeaR(|^ilasYand ra^beed-jsystem 
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throughput. Using system memory alsoinvolverz rislrof memory corruption because it is conceivable 
one processing element may overwrite data beij^ used by anoth». > 

In view of these tradeoffs, designers must carefully consider which resources (or how much memory) 

they will place on a subsystem's local bus, and which or how much to place on the system bus. These 
choices affect system reliability, integrity, throughput and performance, and often depend on the 
^ttirenteati of ^ pufticular target Systran. I 



796iM>TIBUS®— A MULTIMASTER SYSTEM BUS 



The Intel Multibus (IEEE 796 Standard) is an example of a proven, industry-standard multiprocessing 
system bus that is well-tailored for iAPX 286 systems. A wide variety of Multibus-compatible I/O 
subsystems, memory boards, general-purpose processing boards, and dedicated-function boards are 
available from Intel to spee^L juxdu£t.deyelQpmenLJ!dul€.i^ bus-level compatibility. Designers 
who choose the Multibus p*otocols in t^r| system bus ffitve^a ready supply of system components 
^va|^leJor»aUse in their products. _ " : 

EitiraifaC rd4' Number 



The Multibus protocol| are complet^ ^seribiBdl^-4h<^4ntei] 



9800683-04. 



The jbb of interfacing an iAPX 286 subsystem' io ttie Multibus is made relatively simple by ifsing 
several components specifically adapted to handling the Multibus protocols. These interface co^npo- 
icnteiinclude: | i i 



• The 82288 Bus Controller, to generate Multibus-compatible memory and I/O read/ write commands, 
and interrupt-acknowledge commands, as well as appropriate data and address buffer control signals. 
The 82288 |a8 ^ ^i|)piii|| option to select the Multibus mode of operation. j 

• The 82289 Bus Arbiter, to handle Multtbus^bitr^on l(^c and to geno-ate approbate control; 

information. ' ' ' ' ; — ' ' 

• 8287 Data Transceivers, to buffer Multibus data lines (inverting transceivers are required to conform 

to Multibus convention). 

• 8283 Latches, to buffer Multibus address lines (inverting latches are required to conform to Multi- 
j lii^ convention). ' , ' 

• The 8259 A Programmable Interrupt Controller, to handle harJI^Xre interrupts in conformance|With 
the Multibus bus-vectored interrupt conventions. ' 

These devices are functionally and electrically compatible with the Multibus protocols, and form a 
simple and cost-effective means of generating signals for a Multibus interface. Figure 7-1 sHows how 
thes&icomptoentsiatdrconnect to interface an iAPX 286 subsystem to the Multibus system bus.. .(. 



MULTIBUS® DESIGN CONSIDERATIONS 

One of the important decisions confronting a designer who is considering an implementation of a Multi- 
DQS interface is the question of how to divide system resources between resources that reside on the 
Multibus and resources that reside on the iAPX 286 local bus. 



Typically, system resources will be split between the local bus and the system bus (Multibus). System 
designers must allocate the iAPX 286 system's.physicai address space between the two buses,.and. use . 
this information!«»sQieei e«i^d^«yy|g|^9'lmlrtiBi;«r Ibftj^^tnklWSifqreiu^^i^cde. 
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Three different types of bus operations must be considered when designing this decoding functios: 



1. Memory operations 
1^. I/O operatio^p-"— ? 
k. Interrupl-ackhowledge^^uences 

For memory and I/O operations, several additional features of the Multibus must be considered. The! 
^ollowi^ pangitiihs describe e|ch 0^ the$e types in detail. 

1 S 




ralieiis 



L 



he decoding of memory (^«iti(HiLto.sel^fiilbeiL the , local bus or the systen^bus if relatively 
straightforward. Typically, memory resources that reside oii the systeib bus can be alloca :<» to partic- 
ular address windows, or ranges. An address decoder can be used te-dfloode the rang^ of kddreKes for 
memory that resides on the system bus, and the ou^t of iSik d^»d^ then selects |ei^Hr t|ie systent 

bus or the local bus for the current bus cycle. ' -•. f 



Figure 7-3 illustrates how the output of the address decoder drives the 82288,Bu$ Controller and 82289 
Bus Arbiter circuits &seledS\u4r activate ei ther th e local bus or the s]iteii|qS3ince both the CENL 
input of the Bus Controller and the SYSB/RESB input of the Bus Arbiter are interna%-4|t£ihed, no 
ftdditional latches are required to nmintain selection of the bus for the remainder of tiMMen^^ bus 
pyde. 
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Figure 7-2. Decoders Select the Local vs. the. S]^eni Bus 
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Figure 7-3. S«i«eiUss the MIILTlByS® for Memory Operations 



|/0 Operations 



The decoding of iAPX 286 I/O operations is similar to that described above for memory operations. 
In the simplest case, decoding may not even be required if I/O resources are located solely on the local 
bus. In this case any I/O operations simply can be directed to the local bus with no decodi^ required. 
If I/O resources are split between the local bus and the system bus, however, I/O ad^epes must be 
jdecoded to select the appropriate bus, just as for memory adtjfesses as despiibed abote. 

If I/O resources are located on the system bus, a second, concurrent issue may be considered. I/O 
resources on the system bus may be memory-mapped into the iAPX 286 memory space, or I/O-mapped 
into the I/O address space, independent of how the I/O devices appear physically on the system bus. 



Figure 7-4 shows a circuit technique for mapping the Multibus I/O space into a portion of the iAPX 
286 memory space. This circuit uses an address-decoder to generate the appropriate I/O-read or I/O- 
write commands for any memory references falling into the memory-mapped I/O block. This same 
iff diat^jMed in Chapter Five, which also contains a detailed discussion of the^m^rits and 
tradeom be^een n^mory-mapped and I/O-mapped devices. ' 
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Figure 7-4. Memory-Mapping the MULTiBUS® i/0 



Interrupt-Acknowledge to Cascaded Interrupt Controllers 



A third issue related to the division of system resources between the system bus (Multibus) and the 
local bus is that of mapping interrupts between the Multibus and the local data bus. (You may recall 
that when an interrupt is received by the 80286, the iAPX 286 interrupt-acknowledge sequence uses 
the data bus to fetch an 8-bit interrupt vector from the iaterrupting 8259 A Programmable. Interrupt 
Controller.) WTiu 



Designers may encounter three possible configurations: 



t.;|r„ ... , 



k All of the subsystem's Interrupt Controllers (one master and perhaps one or more slaves) reside 
/< on the local btts< and, tberof&tei tM i^^«iipt'^acj[ii9Mrle#geeyetes'ai»' ranted to tbe leeal bus. - • 

2. All "terminal" Interrupt Controllers reside on the Multibus system bus (either all 8259A Interrupt 
Controllers reside on the Multibus bus, or a master 8259A resides on the local bus but services 
interrupts only from slave 8259A Interrupt Controllers that themselves reside on the Multibus), 
and so all interrupt-acknowledge cycles are automatically routed to the Multibus. 

3. Some slave Interrupt Controllers reside on the subsystem's local bus, and others reside on the 
Multibus. In this case, the subsystem's hardware must decode the Master Interrupt Controller's 

cascade address and select the appropriate bus for the interrupt-acknowledge cycles. 

. ■ j T) frit' rfi 

In the first two cases, the implementation is relatively straightforward; all interrupt-acknowledge bus 
operations can be automatically directed onto the appropriate bus. If one of these two configurations 
is envisioned for the system you are designing, you can skip this section and continue on. If, however, 
your iAPX 286 subsystem will have a master 8259A Interrupt Controller on the local bus and at least 
one slave 8259A Interrupt Controller connected to the Multibus, you should read this section to discover 
how to handle the direction of interrupt-acknowledge bus cycles onto either the Multibus or the local 

bus. -fS'-' ■ • '• '■''i . . 
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THE SYSTEM BUS 



First, a review oftbroperation of the iAPX 286 pr massor a 3B B t tt iermastenand slave 8259A Interrupt 
Controllers duriiig an interrupt-acknowledge sequence. 



?rhe 8Q286 responds to an INTR (interrupt) input by perfornii ng two I NTA bus operatioos. During 
he flrsit I>rrA operation, the master 8259A Interrupt Controll^cfetermi^ which, if any, ei ite slaves 
should return the interrupt vector, and drives the cascade address pins to select the appropriate slave 

interrupt Controller. During the second INT4 cycle, the 80286 reads an eight-bit interrupt vector 
nm tiie selected Ii^errupt Contr^ltar aBd <^ J p g "v^K«To impend to ^e interrupt, 
n lAPX 286 systems where slave Interrupt Controllers may reside on the Multibus, the tht«e cascade; 
address lines from the master 8259A Interrupt Controller must be decoded to:5elect whether the current 
interrupt-acknowledge (INTA)sequence will require the Multibus^ - ''ij 

I ! ' 

If the Multibus is selected, the 82289 Bus Arbiter must be signalled first to request the Multibus, and 
then enable the Multibus address and data transceivers to port the remainder of the first and the 
second IN TA cyc le s onto the Multibu s. The cascade address lines from the master 8259A Interrupt 
Controller (CASO, CA Sl, and CAS2) are gated o nto the local bus address lines A8, A9, and AlO 
|Multilms address lines ADR8, ADR9, and ADRA), respectively, using tri^state drivers. 



Figure 7-5 shows an example of a circuit that performs this decoding function during interrupt- 
acknowledge sequences. This circuit also addresses some of the critical timing necessary in the case of 
a master 82S9A Interrupt Controller gating a cascade address onto the Multibus. 



The timing of the basic interrupt-acknowledge cycle is described in Chapter Three. During the first 
INTA cycle, the cascade address from the master 8259A Interrupt Control ler resi ding on the local bus 
becomes valid within a maximum of 565 ns following the assertion of the INTA signal from the Bus 
Controller. Once this address, becomes.' y^iidi, £t.'teust . be .decoded to determine wliether the remainder 
of tlie;IMEA^seqi»iiGe::sfabuld jKnnaa edit fheCUi(&al j]lts,W should tdce plaee on th^i^ifoitibBs. Using the 
4<|^dB |#gdwte -logi'Cj8fa&wn in MguEeff Ae decode delay add&:antadditi<}aa^30<le^;ioi)lEielfltai|4SSS 
ns from TN'tA to bus-select valid. The local bus Ready logic must therefore insert at least 4fi*ifitkMait^ 
into the first INTA cycle befwe the cascade address becomes valid and the local- or Multibus-select 
becomes valid. ., , .^.j. ; 

ti^&ie local bus is selected for the remaindei^^i^tfie tl^T'A^'teqtliMce',' the INTA cycle can be 
terminated immediately. If the Multibus is seiee«iaH"li**^»'®, l(heTifstlOT'A"lms cycle must still be 
extended while it is ported onto the Multibus 4|i^^r,j|p^perly condition thsi,^I^ Int(f|tijJ5t«Cj:(|(Jtrolr 

i^?.9n.t^Muitibus, , : , .,^,3^,^, ^ ^ , , ;„iio«no:} 

The circuit shown in Figure 7-5 shows ho\il<^1lultibus 82289 Bus Arbiter and 82288 Bus Controller 
are selected to allow this "delayed startup" of the Multibus INTA bus cycle. The CMDLY input to 
the 82288 is used as a select input that is sampled repetitively by the 82288; the CENL input can be 
tied high. Once the Multibus has bee)ijj^j5cted,jthe^^ijjltibu^ signal should be used to termi- 
nate the bus operaticmT • ' T' - ^' ■ ' . - ,1- - - - 



During the second INTA bus cycle, the Master Cascade Enable (MCE) output of the 82288 Bus 
Controller becomes active to gate the cascade address onto address lines A8, A9, and AlO. This MCE 
enable signal stays active one clock cycle longer than the ALE signal, allowing the cascade address to 
be properly captured in the Multibi^- address latches. The MCE signal becomes active only during 

l^itA sy(^«%iTrno a(jd^a](jiflgi§iii(^eiiiif$dii$§ w^mkiim&i^J^ss^'kh&^^mmta^kmMrm 

bus during IHTA cycles. 
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NOTES: 

( 1 ) CASVALIO IS THE OUTPUT OF A TIMING CIRCUIT THAT BECOMES HIGH WHEN THE OUTPUT OF THE CASCADE ADDRESS 
DECODER IS VALID. CASVALID MUST SATISFY 82288 CMOLY SETUP TIMES. 

(2) MBSEL IS AN OUTPUT OF THE ADDRESS-DECODER PROM; MBSEL IS HIGH DURING ALL MULTI BUS M EMORY AND I/O 
OPERATIONS, BUT IS LOW FOR ALL INTERRUPT-ACKN0WLED6E CYCLES (WHEN M/iO AND COD/)NTX ARE BOTH LOW). 



(3) HBIO IS AN OUTPUT OF THE ADDRESS DECODER PROM; MBlO 18 LOW DUMNG ALL I/O OPeiUTIONS AND INTEMWPT- 
ACKNOWLEDGE CYCLES, AS WELL AS DURING MEMORY OPERATIONS THAT ARE MAPPED MTO THE MULTIBUS 1/0- 

ADDIIESS««PE...: - v . . " 1: .. -vir. no.; . «„v^ 
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Byte-Swapping During MULTIBUS® Byte Transfers . 

' J-"> 'Jlli •;, -If.WD ttW.'. [ yf.liot tfUVSin 0> lC;t)i-.' ni :. R;..3n»B Oi bci/l: ati .Ti iMjsiif, lac i , 

The Multibus standard specifies that d uring all byte t ransfers, the data must be transferred on the 
lower-eight data lines (Multibus DATO through DAT7), whether thejdatajis associated jyitb an even 
(low-byte) or odd (high-byte) address. For 16-bit systems, this fi^^if^Actiif^Sfens that'JdHn]^ byte 
transfers to odd addresses, the data byte must be "swapped" from the high data lines (local bus D8 
through D15) onto the low data lines (DO through D7) before being placied <M the Multibus, and then 
"swapped" back onto the high data lines when being read from the Multibus. This byte-swapping 
requirement maintains compatibility between 8-bit and 16-bit systems sharing the same Multibus. 

Becau se of this byte-swapping requirement, the Multibus BHEN signal differs in definition from the 
BHE signal on the iAPX 286 local bus. Table 7-1 illustrates the differences between these two signals, 
Notice the diffoJBiieBthat appeaiSffeldbsfliJlMite • 
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Table 7-1. Local Bus and MULTIBUS® Usage of BHE/BHEN 
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^86 systems, this Multibus byte-swapping requirement is easily met by using only an actional 
«er and necessary eontrollogic. j I ' 



Figure 7-6 shows how this byte-swapping circuit can be implemented for the iAPX 286 as a bus master. 
The three signalsthat control this byte-swapping fu nction a re the Data Enable (DEN), Multibus Byte 
High Enable (BHEN), and Multibus Address bit (ADRO). The 82288 Bus Controller always disables 
DEN bet ween bu s cy cles to allow the data transceivers to change st ates w ithout bus contention. The 
Multibus BHEN and ADRO signals are used instead of the local bus BHE and AO because the Multi- 
bus sigrtak-a te latch ed for thg^ dttratioffl- <^ the ^wj^eration. Figure 7-6 also shQws the pffle|ation of 
Mu^tts BHEN jSignal irQptSi4o5il-bus.fflE»d AO, signals. ; <■ ; to p" " ' 

In^lejmenting the Bus-Timeout Function 



"the Multibus XACK signal terminates iAPX 286 bus operations on the Multibus by driving the ARDY 
input to the 82288 Bus Con troller. I f the iAPX 286 should happen to address a non-existent device on 
the Multibus, however, the XACK signal may never be activated. Without a bus-timeout protection 
circuit,fl|^fe&i^5»2|feieouidjSii^t"iJ^efinitely, tying up the Multibus from use by other bus masters as 
well. 



■.'i>;,.\ ?j-:oit.' - J.J • 



The bus-timeout function provides a simple means of ensuring that all Multibus 0pera^iaw«wentually 
termina te. Figure-^7-^w»^one-i]npiementati@B ef'a-bas4i^e0itt.^«6ui^^ 

XACK signal is not ^Mii>#i^fet«$^^6M9^EgM#tfaaiM^i»}-^^^ to terminate the 

bus operation. 

When a bus-timeout occurs, the data read by the 80286 may not be valid. For this reason, the bus- 
timeottt circuit may also be used to generate an interrupt to prevent software from using invalid data. 



Power Failure Qonsiderationjf 



' >../ ••o ':))■/" 



The M ultibus interface provides a means of handling power failures by defining a Power Fail Interrupt 
I^),.4gaaj,aad, othigr status lyiSSr^nd by niakiijg pr^yiisjons for secondary or backup power supplies. 

Typically, the Power Fail Interrupt (PFIN) from the Multibus is connected to the NMI interrupt 
request line of the CPU. When a power failure is about to occur, this interrupt enables the 802 86 CPU 
to immediately save its environment before falling voltages and the Multibus Memory Protect (MPRO) 
sfgnal prevent any further memory activity. In systems with memory backup power or non-volatile 
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Figure 7-6. Byte-Swapping at the MULTIBUS® Interface 

When the AC power is restored, the power-up RESE T sequence of the 80286 CPU can check the 
status of the Multibus Power Fail Sense Latch (PFSN) to see if a previous power failure has occurred. 
If this latch is set low, t he 80286 can branch to a powerup routine that resets^jhe latch u$i^ ^0!wer 
Fail Sense l^eset^(PF,SR), restore^ its egvji^^ .j,,, , , 

Further guidelines for designing iAPX 286 systems with power-failure features are contained in the 
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Figure 7-7. In iptementing the Bus-Timeout Function 



MULTIBUS® ARBITRATION USING THE 82289 BUS ARBITER 

The Multibus protocols allow multiple processing elements to contend with each other for the use of 
common system resources. Since the iAPX 286 does not have exclusive use of the MukM%(fwhen the! 
Mf X 286 processor occasionally tries to access the, Multibus, anoflier bus master will already have 
Control 6f the bus. When this happens, the iAPX 286 will have to wait before accessing the bus. 



The 82289 Bus Arbiter provides a compact solution to controlling access to a multi-master system bus. 
The Bus Arbiter directs the processor onto the bus and also allows both higher- and lower-priority bus 
masters to acquire the bus. The Bus Arbiter. attains control of the system bus (eventually) whenever 
the iAPX 286 attempts to access the bus. (Tlic previous section reviewed some techniques to determine 
^hen tbe p>r<ocessor is attempting to access the system bus.) Once the Bus Arbiter receives cpntrol of, 
fhe syg^^ tes, the iAPX 286 can proceed to access specific resources attached to the bus. llh^ 82289 j 
Bus Ailjb^er bandies this bus coBtentiiM in a maimer that is completely transparent to the iAPX 286' 
processor. 



Gaining Control of tlie IMULTIBUS® 



In 4n iAPX 286 subsystem using an 82289 Bus Arbiter, the IAPX 286 processor issues commands as 
though it had exclusive use of the system bus. The Bus Arbiter keeps track of whether the subsystem 
indeed has control of the system bus, and if not, prevents the 82288 Bus Controller and address latches' 
from accessing the bus. The Bus Arbiter ifl^ ^ai»)ifsf liig'«f 28i* ^d^'d^iieyfe*. 
processor into one or more wait states. 



Wben the Bus Arbiter receives control of the system^^^;th^3^^M|e^ enali«U^ |the 

' " " " " and address latehes to "ifriv 



tbe Clodc Gmerator, and enables the 82288 Bus Cdntroller 



y^putof 
be system 
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bus. Once the system bus transfer is complete, a transfer-acknowledge (XACK) signal is returned by 
the Multibus, signalling to the processor that the transfer cycle has completed. In this manner, the Bus 
Arbiter multiplexes one bus master onto the vgn^gf^^i^^^ifis^^^iffW^^JS^'})^^'^^^ ^JP^!^<^' 



Since many bus masters can be on a multi-master system bus, some means must be provided for resolv- 
ing priority between bus masters simultaneously requesting the bus. Figure 7-8 shows two common 
priority-resolution schemes: a serial-priority and a parallel-priority technique. 



.'njii/a-i-j r!oi)iilc39i lismsJss .>:■!» 'to /jixslq :.K 



'ii.? '.'■■iiin--^ 



'.>b -..joil not .•.■r\I .it-i^u, JO <«ls -tsm tosnidyg noil:. 
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The iseHal-iJriority res olution technictne consists of a daisy-^hain of the 82289 Bus Priority In (BPRN) 
and Bus Priority Out (BPRO) signals. D&e to delays iii the dais^-chain, however, only a limited numbw 

(tf'bu#»aSters^^)iccdWflWditia^^^«i3^IM^faK^ i .! !: 

In the parallel-priority resoluti on technique, each 82289 Bus Arbiter makes independent bus requests 
using, its Bus Re(;|uesl; (BREQ) signal line. An external bus-priority resolution circuit determines the 
highest -priority bus master requesting the bus, and grants that master control of the bus by setting 
BPRN low to that bus master. Any number of bus masters can be accomniodated using this technique, 
limited only by the complexity of the external resolution circuitry. 



' }ther priority-resolution schemes may also be used. Intel Application Note AP-S 1 describes in greater 
tetaS %ese techniques for resolving the pri<Hity of simultaneous bus requests. j 

%ure t-9 shows the timing of a bus exchange for the parallel-priority resolution scheme shown in; 
%uTe 7-8. In the timing example, a higher-priority bus master requests and is granted contFol of the 
ms frOBtt a lower-priority bus master. 



From the perspective of an in dividual Multibus subsystem, the subsystem has been granted the bus 
when that subsystem's BPRN input from the Multibus falls low (active). For the purpose of designing 
an iAPX 286 sybsystem for the Multibus, the BPRN signal is sufficient, and a designer need not be 
concerned with the particular priority -resolut ion technique implemented on the Multibus system. The 
82289 Bus Arbiter releases the bus if BPRN becomes HIGH at -t^t^ ^d of the current bus sequence,; 
under llie control of this external arbitration device. 

I MS'r.S 



psleii^ng the Bus— Three S^SBj <^iwito;^^odes 

FoUowi^ a transfer cycle using the system bus, the 82289tB;us Arbit@r:«an either retain c^stfdi of the 
system bus or release the bus for use by some other bus master. The Bus Arbiter can pp^rvfie in one ol 
three operating modes, each of which defines different conditions under whieh the Bus /IkrHter will 
I control of the system bus. 



i 




HIGHER PRIORITY BUS ARWTGR REQUESTS THE MULTHMStHt SVSm«^^' 
© ATTAINS PRIORITY. 

© LOWS) PRNMTV BUS ARHTER RELEASES BUSY. 

® HIOHB) PRtORTTY BUS ARBITER THEN ACQUIRES THE BUS AND FULLS WSf DOWN. 



I able 7-2 defines the three operating modes of the 82289 Bus Arbiter, and describes the conditions 
ndbr which the Bus Arbiter relinquishes control of the Multibus. The following sections describe how 
to configure the Bus Arbiter in any one of these modes, and also describe a way to switch the Bus! 
Arbiter between Modes 2 and 3 under program control from the iAPX 286. 



The decision to configure the 82289 Bus Arbiter in one of these three modes, or to configure the Bus 
Arbiter in a fourth manner, allowing switching between modes 2 and 3, is a choice left up to the 
individual designer. This choice may affect the throughput of the individual subsystem, as well as the 
throughput of other subsystems sharing the bus, and system throughput as a whole. 

; ~-y--;Y"-:- ■■, ■ .V'" 

This peff^ftnane^Wpact occurs because a multi-processor system may have appreciable 'Overhead 
when a processor requests and takes control of the Multibus. Figure 7-10 illustrates the effect of bus 
Set-ip and hold times on bus effidanfiy Mi ft^isSjp^istja"; >{« ' 



fhem to Use the Different Modes 



The various operating modes of the Bus Arbiter allow the designer to optimize a subsystem's use of 
f he Multibus to its own needs and to the needs of the system as a whole. 



Mode i, for example, would be adequate for a sybsystem that.aesded to access the Multibus only 
occasionally; by releasing the bus after each transfer cyclej ]3j§^|g|'^p^sp|j|^ Minimize its impact 
on the throughput of other subsystems using the bus. 



Mode 2 would be ideal for a subsystem that shared the Multibus with a pool of other bus masters, all 
of roughly equal priority, and all equally likely to request the bus at any given tifne. The performance 
improvement of retaining the bus in case of a second or subsequent access to the bus would be matched 
to the performance impact of other bus masters, who may have to request the bus from the controlling 
Bus Arbiter, and thus suffer the ensuing hold delays. 



Mode 3 would be ideal for a system that is likely to be using the Multibus a high percentage of the 
time. The performance advantages of retaining control of the bus would outweigh the chancfs "of Other, 
lower-priority devices waiting longer periods to gain access to the Multibus. ■ 



Table 7-2. Three 82289 Operating Meile«^-j|iB|^f|aHN^ Bu9 



Operating Mode 


Conditions under wliich the Bus 
Arbiter reieases the system bus' 


Mode 1 
Mode 2 

Mode 3 


The Bus Arbiter releases the bus at the end of each transfer cycle. 
The Bus Arbiter retains the bus until: 

• a1i^ghir-|rt(^ri^ bus master r^tiei^'ftf J:'^*''&uiS. driving BPRN' high;' 

• a lower-priority bus master requests the bus by pulling the CBRQ low. 

The Bus Arbiter retains the bus until a higher-Drioritv bus master reauests 
the bus, driving BPRN high. (In this mode, the Bus Arbiter ignores the 
CBRQ Input. 



* The LO CK input to the Bus Arbiter c«fti be used to override any trf the cohdittons slhbwn in th©li®l»?While 
LOCK Is asserted, the Bus Arbiter will retain control of the system bus. 
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in J I briL t 



I ; Mfl^OUTm TIUNSFER ON TW WSTEMWS. 



■ i. ■■Ml ^ I ' 



•■3 



SET-UP K TRANSFER 



SET-UP Y TRANSFER 



SET-UP X T''*''S^ER X HOU) X SET-UP . 



V/ w vy V/ vy \/ v/ v/ 

X SET-UP Y ''"'^"SFER X TRANSFER jE TRANSFER Y TRANSFER Y Y X 



BUS UTUEATION FOR A BUS ARBUBI OPERATWQ IN MODE 3. 
HE ARBIISI RETABIS 1ME BUS UHn. FOnCEO OFF, AND SO 
ACOURES THE BUS ONLY ONCE FOR A SeOUOICC OF TRANSFSB. 



,0 



?ior f 



'"'^iira 7'm<#H»6l* CI Bh8 Contention cM'Bii»Eff^ 

•i.'j giH>.t' /.'!:>;-■ /i-fj^ -srlJo '■ if;--''--!. 

A fourth alternative, that of allowing a processor to switch its Bus Arbiter between Mode 2 and Mode 
3,;QffiBrs. even more flexibility in optimizing system performance where such performance might be 
^■e^ii»:«^rimentation,,ot«he^,,?!fj?^^ gnin> 't:! io;narne-^ 

%Sv ;■•:)*)>•. -jtl - '■•iipsi ,1 . », .• . '. i;-:'-.' '■• •:>r,am >'>ltunVi\i^\<i dJ 

To summarize the preceeding discussion, the decision to use ofte or anoth^sif jtihe'SM! ^^a^h^er 
configurations depends on the relative priorities of processors sharing the bus, and on the anticipated 
traffic each processor may have for the bus. In order to optimize the sharing of the Multibus between 
several bus mast^^ji^[|agii^rs are urged to ^xp«riment with the different liibd^ Of ^^"j^ j^bitfcr 
in the system. -'T" . . , • .(■■jn^ 9q 1. : 



Configuring the 82289 Operating Modes 

A designer can configure the Bus Arbiter in four ways: 

1. The ^[{j^.Ajr^J^jc can b,e ,$Q|^gure4 t.o operate in Mode 1, releasing the bus at thej,^i^|l of each 
transfix <^cle.' 

2. The Bus Arbiter can be configured in Mode 2, retaining the bus until #ther a higher- or lower- 
priority bus master requests the bus. 

3. The Bus Arbiter can be configured in Mode 3, retaining the bus until a higher-priority bus master 

A. The Bus Arbiter can be conflgured so that it can be switched between Mode 2 and Mode 3 under 
- software control of the iAPX 286. This last configuration is more complex than the first three, 
requiring that^^parall^port or addressable latch be used to drive one of the strapping pins of the 
82289. " , 
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Once the designer has determined which of the four bus-retention techniques to adopt, tl&^feonfigura- 
tion must be incorporated into the hardware d«ighi;E%ii]»>Mil-ish{i#si'itli£ Sfbaipping coiifiguhitionsL 
required to implement each of these four techniques. 



Asserting the LOCK Signal - -^ 

Indepe ndent of the particular operating mode of the Bus Arbiter, the iAPX 286 processor can assert a 
LOCK sig nal at any time to prevent the Bus Arbiter from releasing the Multibus. This software- 
controlled LOCK signal prevents the Bus Arbiter from surrendering the system bus to any other bus 
master, whether of higher- or lower-priority. This signal is typicall y used f or implementing software 
semaphores for critical code sections or critical real-time events. The LOCK signal can also be asserted 
within one instruction to retain control of the bus for high-performance transfers. 



When the iAPX 286 asse rts the LOCK signal, the Bus Arb iter converts this temporary input into a 
level-lock signal, L LOCK, which drives the Multibus LOCK status line. The Bus Arbiter will continue 
to assert LLOCK retaining control of the Multibus until the first uiiLOCKed bus cycle from the 
iAPX 286 Ofdcessof, ., l. i. i . ■ 
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•iguEa.7'11. Four Dlflemnt,822B9 CnnflaiiratlonB.- 
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This LLOCK signal from the 82289 Bus Arbiter must be eonnectsd to tbeiMullibus LOlg^&^taitus liQe 
through a tri-state driver. TMs driver is controlled by the AEN (nitputof.'ther^BSiAEttor.od I'. u 



TIMING ANAk¥il§ OF THE MULTIBUS® INTERFACE lencSe HOC ' i ^ c 

"^timing specifications for the Multibus are explained concisely'iti'!tt0>MiUtibtM'#pi^:ffl^tion, Order 
Number 9800683^. To sumniarize:tiiese.'f«qu&dnbnt»^4te^peiita$iPt^ 

operating as a Multibus bus master: •• '■—■> ■.;-!•''■:' -iiS ^Hf •<•, r-'i ,1 . 

• The iAPX 286 system must use one command delay when reading data from the Multibus. 

:if.n! ; ii( ' • 1: 

• The iAPX 286 must use two command delays when writing data to the Multibus. 

;•, • 11(1', ■[ !•:-■..-: 'r^ ■.iTJ/nO-.' v.. ■ ! '"''> ' ■'!, '■ ■ I- ; 

When the 82288 Bus ControI^I'l^^ng the Multibus is strapped in tfie Multibus configuration 
(MB = 1, and CMDLY = ti^, me Bfis Controller automatically inserts' the appropriate *(|glayS; as 
outlined above. No further consideration is required in order to conform to the Miuubus timing 
requirements. 



Table 7-3 summarizes the critical Multibus parameters as they relate to the iAPX 2 
shows that these parameters are satisfactorily met by an 8-Mhz iAPX 286 with one 

Table 7-3. Required MULTIBUS® Timing for the IAPX 286 


.86 system, and 
command delay 

1 


( 

i Bffllng 
PaiMmetar 


Specif 


tus® 

cation 


8 MHz IAPX 286 

1 QMDLY on RD 

2 OIDLY on WR 


— 1 


Address Setup 
before command 
active 


50 ns 
minimum 


125 ns (2 QM$^ cycles) 

— 15ns (ALE delaymax) 

- 45 ns (8283 deiay^ax) 
+ 3 ns (Cmd delaVmin^ 

68 ns min. 


'ds 

Write Data Setup 
before comm^rRJ"'' 
active ] 




50 ns 
minimum 


125 ns (2 CLK cycles) 

- 30 ns (DEN act. delaymax) 

- 30 ns (8287 delaVmax) 
+ 3 ns (Cmd delay^ J 

68 ns min. j | 


tAH 

, Addt-essHotd 
i after command 
1 inactive 

1 
i 




50 ns 
""THinimum | 


62.5 ns (1 (^9f9fcie) 
{-^15.0 fis (Cmd inact. delay,^ 
+ 3.0 ns (ALE act. delay„,n) 
+ 10.0 ns (8283 delay„,„) 

60.5 ns min. 


*DHW 

Write Data Hold 
j after command 


SO ns 
minimum 


62.5 ns (1 CLK cycle) 
— 15.0 ns (Cmd inact. delay 
+ 10,0 n§ (8287 delay„in) 






- -57.5-ns'min: -■ - - . ■ - 
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THf SYSTEM BUS 



during reads and two comtfiaHttttelSfS-dOTlnf -Wtte opeKiOas. Tie WMf pTimeteKlSSSinne~the usei 
of 8283 and 8287 latches and transceivers. ' 



In addition to the specific parameters defined in table 3-1, des^^^^Wt m |ure that: 

• To ensure sufficient access time for the slave device, bus operations must not be temsJaSEted until 
an XACK (transfer acknowledge) is received from the slave device. 



Following an MRDC or an lORC command, the respo nding sl ave device must disable its data 
drivers within 125 ns (max) following the return of the XAQ^^^al. dAlI devices lOBfitSng the. 
Multibus spec, of 65 ns max meet this requirement.) ^ j _j 



USING DUAL-PORT RAM WITH THE SYSTEM BUS ^ 

■ i 
-A'AMhP^Ti RAM is a memory subsystem that can be accessed by the iAPX 286 via the iAPX 286 
local bus, and can also be accessed by other processing elements via the Multibus system bus. The 
performance advantages of using idual-^Hirt Jnemory are described in Chapter Four. This section describes ' 
several issues that must be considered whf|ijmplementing dual-port memory with a Multibus interface. 

Dual-port memories are a shared resouree, and, like a shared bus, must address the twin issues of 
arbitration and nwtual exclusion. Mutual exclusion addresse s the ca se when mm process ors attem pt to 
access the dual-port memory simultaneously. The Multibus LOCK signal aM a similar LOCK signal 
from the 80286 itself attempt to mediate this contention. ' 

Chapter Four of this manual describes the techniques of addressing these two issues. This section 
expands-on the explanation in Chapter Four and in particular discusses how ^ handle the two LOCK , 
sigjials-and avoid potential deadlock conditions that maj^^th^-wis^ arise. | | 

Figure 7-12 shows a config uration w here a dual-port memory is shared between an iAPX 286 subsys- 
tem and th e Multibus. The LLOCK (Level- Lock) sig nal from the 82289 Bus Arbiter is used to provide 
the LOCK signal from the iA PX 286 . This LLOCK sigDal is not conditioned on whether the 82289 is j 
currently selected (the SYSB/RESB input). i , . . 

1 ' I - j 

Avoiding Deadlock with a Dual-Port Memory 

A potential de£idlock situation exists for a dual- port memory when both the |APX 286 processor and 
anotiieHjBS-HffiSter attempt to carry out LOCKed transfers between the dua|-port memory and exter-t 
n£4-^j|ltibw iBe«i0iy or device — - — ' ■ 1. | 



The situation can arise only when the iAPX 286 attempts to carry out a LOCKed transfer using both 
the dual-port memory and the Multibus. In one deadlock scenario , the iA PX 286 processor, using the 
local bus, reads data from the dual-port niemory and asserts the LOCK signal, preventing the dual- 
port memory from being accessed by another .pit^essing element on the Multibus. 

If, at the same time, another bus master of higher priority (or while asserting the Multibus LOCK 
signal) takes control of the Multibus and attempts to access the dual-port memory, this bus master will 
be unable to access the (locked) dual-port memory and so enters a wait state, waiting for a response I 
from the memory. At the same time, the iAPX 286 processor will be unable to gain control of the! 
Multibus in order to complete its transfer, since the Qthei p,roeessst.saiB6£L.tb6 Multibus fiffit. Thei 
result is deadlock, and in the absence of other mechanisms each procesgsor stops. 
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Figure 7-12. iAPX 286 Dual-Port Ntomory wKH IfyLTIBUS® li^rfaoe 
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THE SYSTEM^3MS 



Typically, both processors will eventually terminate their respective bus-operations due to bus-timeout 
(see the earlier section on bus-timeout circuitry). If a bus timeout occurs, the processors will fail in 
their Respective attempts to write or read data. 

Since reading and/or writing improper data is to be avoided, you have two alternatives to avoid this 
deadlock situation: J : ^ 

• The first alternative is to simply avoid using LOCKed transfers from the dual-port memory in the 
iAPX 286 software. No additional hardware over that shown in Figure 7-12 is required. 

• The second alternative actually prevents the occurrence df ^OCKe d trans fers between the dual- . 
port memory and the Multibus by using hardware to pon^ifiaB tfee-ES^^input-to tJw dual-port \^ 

memory. 



Figure 7-13 shows a circuit to imp lement the second alternative. Bear in mind, however, that this 
circuit in effect destroys the LOCK condition on the dual-port memory for any transfers from the dual- 
port m^iory ending on the Multibus. This fact will not be apparent from the iAPX 28 6 sof^wa tB- Even 
if this alternative is implemented, software writers should be cautioned aglfflm"usittg L|0O^ &^iaSr 
f«r$ between the dual-port m^mo^M^-#e> Multibus. j j 
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Figure 7-13. Prevw ^| | j ii ifea d l ock Betw een iHtal-Port BAM iind tlt»MUtr 
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Appendix A A 
Device Specifications 



High Performance 8 antf WMHn > 
Processor (Up to six times lAPX 86) 
Large Address Space: 
— 16Megabytes Physical 
—1 Gigabyte Virtual per Tasic 
Integrated Memory Management, Fou^ 
Level Memory Protection and Support 
for Virtual Memory and Operating 
Sterns 

TWO lAPX 86 Upward Compatible 
Operating Modes: 

— i APX 86 Real Address Mode ^ ■ 
—Protected Virtual Address Mode '4? 



r.i? c^.iopttotfal Processor Extension: 

— lAPX 286/20 High Performance 80-bK 
Numeric Data Processor 

■ Complete System Development 
Support: 

—Development Software: AssembljBr, 
PL/M, Paion, FORTRAN, and System 
Utilities ! 
— In-Circuit-Emulator (ICE"'-286) 

■ High Bandwidth Bus Interface I 
(8 (^10 Megabyte/Sec) | 

■ Available in EXPRESS: 
—Standard Temperature Range i 

855'' r • , ■ > I 

The iAPX 286/10 (80286 part number) is an advanced, high-performance microprocessor with specially optimized 
capabilities for multiple user and multi-tasking systems. The 80286 has built-in memory protection that supports 
operating system and tasl< isolation as well as program and data privacy within tasks. A 10 MHz iAPX 286/1 provides 
up to six times greater throughput than the standard 5 MHz iAPX 86/10. The 80286 indudes memory management 
capabilities that map up to 23° bytes (one glg£d)yte) of virtual addr^ space per task Into 2^4 bytes (16 megabytes) of 
physical memory. i 

The IAPX 286 is upward compatible with IAPX 86 and 88 software. Using iAPX 86 real address mode, the 80286 is 
. Qfc^£Qdejcx)mi»Uble.with ex^tinaiAPX 66^88 software. In protected virtual addre^ mode, tKe 80286 is source 
codfe compatible with iAPX 86, 88 ^:^mii^L^^W9>f f^^^'»*XISl^^l^)i^ use virtual addresses supported by the 
80286's integrated memory management ana protection mechanism. modes operate at full 80286 performance 
and execute a superset of the IAPX 86 and ^'s Instructions. 

The 80286 provides special operations to support tlie efficient implementation and execution of operating systems. 
For example, one instruction can end execution of one teisk, save its state, switch to a new task, load its state, and 
start execution of the new task. The 80286 also supports'viKi^jhl^H^^Sf^BiSgB^gij^^inig a segment-not-present 
exception and restartable instructions. . , 




BD5V 
INTR' 'ERROR 



Figure 1. 80286 Internal Block Diagram 
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Component Pad View— As viewed from 
underside of component when m^irifid on 
thf;{)pard. 
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NOTE: N.C. pads must not be connected. 



P.C. Board View— As viewed from the 
component side of the P.C. board. 
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Figure 2. 80286 Pin Configuration 
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Table 1. Pin Description 

r/ie following pin functionidlesq^^fiM^ll^M[^i9^§microprocessor: 



Symbol 



Type 



Name and Function 



(XK 



System Clock provides the fundamental timing for lAPX 286 systems. It is divided by two inside 
the 80286 to generate the processor clock. The internal divide-by-tyifo circuitry can 
be synchronized to an external dock generato Miy a LOW to H I O H ttt B WHIon on Itm 'HlpET 

input. ~" ' 



Di)5-Do- 



l/O 



Data Bus Inputs data during memory, I/O, and Interrupt acknowledge read cycles; outputs data 
during memory and I/O write cycles. The data bus is active HIGH and floats to 3-state OFF during 
bus hold acknowledge. 



A23-A0 



Address Bus outputs physical memory and I/O port addresses. AO is LOW when data is to be 
transferred on pins D7-0 A23-A16 are LOW during I/O transfedsc^lt^ addre^bus la HIGH 
and floate to 3-state OFF during bus hold acknowledge. ■ ■ ^^^^ 



BHE 



Bus High Enable indicates transfer of data on the upper byte of the data bus, Di s-r. Eight-bit 
oriented devices assigne d to t he upper byte of the data bus would normally use BHE to con- 
dition ohip)«<^e^ncti^. BHE Is active LOW and floats to 3-state OFF durir^ bus hoM adtncwledge. 





BHE and AO Encodings 




BHE Vklue 




Function f. 




' 




Word transfer 




e - ~ - - 


1 


Byte transfer on upper half of data bus (D^s-s) 




1 





Byte transfer on lower half of data bus ( D7-0) 




1 


1 


Fteserved' ' 



. ■■■ )f:': -ftt) ^MUfrt rt-?r ; 
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Table 1 ■ Pin Description (Cont.) 



Symbol 



Type 



SI, so 



Bus Cycle Status indicates initiation of a bus cycie and, aiong with M/^sVl^ ( 
the type of bus cycle. The bus is in a Tg state whenever one or bottr are tC 
active LOW and float to 3-state OFF during bus hold acknowledge. 



80286 Bus Cycle Status Definition 


COO/INTA 


M/IO 


SI 


so 


Bus cycle initiated 


0(LOV(/) 















1 (HIGH) 
1 











1 
1 



1 
1 






1 



1 



1 



1 


1 


Interrupt acknowte^lge 1 

Reserved ' j 

Reserved I 

None; not a status cycle 

IF A1 = 1 ttien halt: else shutdown 

Memory data read 

Memory data write 

None: not a status cycle 

Reserved ' 

1 read | 


1 
1 
1 
1 





1 
1 





1 


1 
1 




1 


I/O write 

None: not a status eyde 
Reserved I 


1 








't . - 

1 

1 


1 
1 
1 




1 
1 


1 


1 


Memory instruction read 
Reserved 

None: not a status Cycle 



M/IO 



Metnory/IO Select distinguishes memory access from I/O access. If HIGH during Tg, a memory 
cycie or a halt/shutdown cycle Is in progress, if LOW, an I/O cycie or an interrupt acknowledge cycle 
is in progress. M/iO floats to 3-siate OFF during bus hold acl<nowiedge. 



COD/INTA 



Code/Interrupt Acknotwiedge distinguishes instruction fetch cycles fro m mem ory data read cycles. 
Also distinguishes^ interrupt sct^pwle^ cycles. <rorn,.l/0 .cyt^. ,ppP/lNTA floats to 3-state OFF 
during.bu8.hold acknowledge.'. . , - " " . . ' -X-l--'., 



LOCK 



Bus Lock Indicates that ot her sys tem bus masters are not to gain control of the system bus following 
the current bus cycle. The LOCK signal may be activated explicitly by the "LOCK" instruction prefix 
or automatically by 802 86 hard ware during memory XCHG instructions, interrupt acknowledge, or 
descriptor table access. LOCK is active LOW and floats to 3-state OFF during bus hold acknowledge. 



READY 



Bus R eady ter minates a bus cycle. Bus cycles are extended without limit until terminated by READY 
LOW. READY is an active LOW synchro nous inp ut requiring setup and hold times relative to the 
system clocl< be met for correct operation. READY is ignored during bus hold acl<nowledge. 



HOLD 
HLDA 



I 

O 



Bus Hold Request and Hold Acknowledge control ownership of the 80286 local bus. The HOLD 
input allows another local bus master to request control of the local bus. When control is granted, the 
80286 will float its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus hold 
acknowledge condition. The local bus will remain granted to the requesting master until HOLD 
becomes inactive which results in the 80286 deactivating HLDA and regaining control of the local 
bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the system 
clock. These signals are active HIGH. 



INTR 



Interrupt Request requests the 80286 to suspend Hs current program executkHi and servkse a 
pending external request, interrupt requests are masked whenever the interrupt enable bit in the 
flag word is cleared. When the 80286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the source of the interrupt. To 
assure program interruption, INTR must remain active until the first interrupt acknowledge cycle is 
completed. INTR is sampled at the beginning of each processor cycle and must be active HIGH at 
least two processor cycles before the current instruction ends in order to interrupt before the next 
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock. 



NMI 



Non-maskable Interrupt Request interrupts the 80286 with an internally supplied vector value of 
2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word 
does not affect this Input. The NMI Input is active HIGH, may be Etsynchronous to the system ckx:k, 
and is edge triggered after Intemal synchronlzatkMi. For proper recognition, the input nujst have 
been previously LOW for at least four system dock cycles and remain HIGH for at least four system 
clock cycles. 



I. i« 

PEREQ 
PEACK 



I 

O 



Processor Extension Operand Request and Acknowledge extend the memory management and protectioni 
capabilities of the 80286 to processor extensions . The P EREQ input requests the 80286 to perform a data, 
operand transfer for a processor extension. The PEACK output signals the processor extension when thei 
requested op erand is being transferred. PEREQ it actfw iHIS H and tto als to ablate OFF dwing bus hoUj 
acknowledge. PEACK may be asynchronous to the system dock, peack Is active LOW. 



BUSY 
ERROR 



Processor Extension B usy and Error indicate the operating condition of a processor extension 
to the 80286. An active BUSY Input stops 80286 program execution on WAIT and some ESC 
Ins truction s until BDS7 becomes Inacti ve (HIGH ). The 80286 may be interrupted iwhile waiting 
for WS7 to become inactive. An active ERROR Input causes tiie 80286 to perform a processor 
extension Interrupt when executing WAIT or some ESC Instructions. Tiiese Inputs are active 
LOW and may be asyncirronous to the system clock. 



RESET 



System Reset clears the Internal logic of the 80286 and Is active HIGH. The 80289 msy be re- 
initialized at any time with a LOW to HIGH transition on RESET which remains actiVew mdre tiian 
16 system clock cycles. During RESET active, the output pins of the 80286 enter tiie state shown 
below: 



80286 Pin State During Reset 


PinMlue 


Pin Names 


1 (HIGH) 
(LOW) 
3-stale OFF 


SO. S1 . PEACK. A23-A0. BH^, LOCK 
M/IO, COD/INTA. HLDA ' ' 

Dis-Do 



Operation of the 80286 begins after a HIGH to LOW transition on RESET. The HIGH to LOW transi- 
tion of RESET must be synchronous to the system clock. Approximately 50 system clock cycles are 
required by the 80286 for internal initializations before the first bus cycle to fetch code from the 
power-on execution address is performed. 

A LOW to HIGH transition of RESET synchronous to the system clock will end a processor 
cycle at the second HIGH to LOW transition of the system clock. The LOW to HIGH transition 
of RESET may t>e asynchronous to the system clock; however, In this case it cannot be prede- 
termined wtiich phase of the processor dock will occur during the next sys^rniKteek 
Synchronous LOW to HIGH transitions of RESET are required only for systems where the 
processor clock must be phase synchronous to another dock. 



Vss 



System Ground; VOLTS. 



Vcc 



System 



+ 5 Volt Power Supply. 



Substrate Filter Capacitor; a 0.047M.f ± 20% 12V capacitor maBt't»cenn0cted 

and ground. This capacitor filters the output of the internal substrati^^Tasfehefatorr 
leakage current of 1 ^a is allowed through the capacitor. ^ 

For correct operation of the 80286, the substrate bias generator must charge this dapacltor to Its 

operating voltage. The capacitor chargeup time is 5 milliseconds (max.) after Vcc and CLK reach 
their specified AC and DC parameters, RESET may be applied to prevent spurious activity by the 
CPU during this time. After this time, the 80286 processor clock can be phase synchronized to 
another clock by pulsing RESET LOW synchronous to the system clock 
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FgNCTIONAt DESCRIPTIOfr 

Introduction 

The 80286 is an advanced, high-performance micro- 
processor with specially optimized capabilities for mul- 
tiple user and multi-tasking systems. Depending on the 
application, the 80286's performance Is up to six times 
ifa^r than the stapiiai^.S MHz ^Mis»Awtel^proyi^ln§ 
borftplete upward software companiMflty wlmnmsi 
86, 88, and 186 family of CPU's. 

The 80286 operates in two modes: lAPX 86 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the lAPX 86 and 88 instruction set. 

In lAPX 86 real address mode programs use real ad- 
dresses with up to one megabyte of address space. Pro- 
grams use virtual addresses in protected virtual address 
mode, also called protected mode. In protected mode, 
the 80286 CPU automatically maps 1 gigabyte of virtual 
addresses per task into a 16 megabyte real address 
space. This mode also provides memory protection to 
isolate the operating system and ensure privacy of each 
tasks' programs eind data. Both modes provide the same 
b^e'ih^Tfuctloh sit,7@gtglers, ahdlaieidre^sing modes. 

The following Functional Description describes first, the 
base 80286 architecture common to both modes, sec- 
ond, lAPX 86 real acldreis^ nWil aha'fhtll, protected 
mode. ■ " I ff^sM . 



The 80286 base architecture has fifteen roisters as 
shown in Figure 3. These registers are grouped into ths 
--jQllc»«it]giouixategocli^: ' 



,Genpral Registers: Eight 16-blt general purpose reg- 
imisecl to' contain arithmetic and logical operands. 
Four of these (AX, BX, CX. and DX) can be used either 
in their entirety as IMit words or split into pairs of seta- 
- tH<ate^ -bit regi^er 3. 



Segment Registers: Four 16-bit special purpose reg- 
isters select, at any given time, the segments of memory 
that are Immediately addressable for code, stack, and 
ij^ory Organization.) 



Base and Index Registers: Four of the general pur- 
pose registers may also be used to determine offset ad- 
dresses of operands in memory. These registers may 
contain base addresses or indexes to particular loca- 
tions within a segment. The addressing mode deter- 
mines the specific registers used for operand address 
calculations. 



iAPX 286/10 BASE ARCHITECTURE 

The IAPX 86, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and ad' 
,clt<^ing Modesi TMe 80286 processor is upwaed com- 
1painil«wi«^the€i^'a088, and 8OI86 CPU's. 



Status and Control Registers: The 3 1 6-bit special 
purpose registers in figure 3A record or control cer- 
tain aspects of the 80286 processor state including 
the Instruction Pointer, which contains the offset 
address of the next sequential instruction to be 
executed. 



ni bashfimmue sis a^inoofi 



16-Bn- 

REQISTER 
NAME 



BYTE 

ADDRESSABLE 

(S-BIT 

REGISTER 

NAMES 

SHOWN) 



, SPECIAL 
FUNCTietIS 



MULTIPLV/DIVIDE 
I/O INSTRUCTIONS 



GENERAL 
REGISTERS 



LOOP/SHIFT/REPEAT COUNT 



BASE REGiennsI 



INDEX REGISTERS 
STACK POINTBI 



SEGMENT REGISTERS 



-wc'lloi 



F 
IP 
MSW 



CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 



INSTRUCTlpM,ppV|TEft 
MACHINE STATUS WORD 



STATUS AND CONTROL 



■■1 a'l ■'. 
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STATUS FLAGS: 
CAimv • 

pahitv ' 

AinaUARV CARRY ' 
ZERO ' 

OVERFLOW ' 
15 14 13 12 



. .>';u'3 .frijo'j 
.MjiJrKinfi 



11 10 « 8 



4 J 1^ | DF I IF I TF I jf^.jf 

'I ■■■i 1 , f " i 4 1 i 



< i&JS'.pei !id- 



CONTROL FLAGS; 
' TRAP FLAG 



nREcnoNnjus 



roPRNlLEOE LEVEL 
NESTED TASK PIM 



15 I6ib8iiii'ni 3* ' 1 



ES3 



INTEt RESERVED 



TASK SWITCH • 
PROCESSOR EXTENSION EMULATED - 
MONITOR PROCESSOR EXTENSION . 

PROTECTION ENABLE ■ 



Flags Word Description 

The Flags word (Flags) records specific characteristics 
of the result of logical and arithmetic instructions (bits 0, 
2,4, G, 7, and 1 1 ) and oontrols the operation of the 80286 
Mttiita tMil)kOtM}M'rig^<m9de (taltS(8SBni:S)>a^ 
tti#)'^|liBi£rih^ of thellBfifa^slsfiuiaiiin 

■K^iSfit-*l'9lt5f8 T.'ii-;---'--!.-,, Oc. All; 
■■wn>i «!(♦• - rttr»r'-'- --fr. ,.- 

Instruction Set 

The instruction set Is divided into seven categories: data 
transfer, arithmetic, shift/rotate/loglcal, string manipula- 
tion, control transfer, high level instructions, and pro- 
cessor corNrol. These categories are summarized in 
Figure 4. 

An 80286 instruction can reference zero, one, or two 
operands; where an operand resides in a register, in the 
instruction itself, or in memory. Zero-operand instruc- 
tions (e.g. NOP and HLT) are usually one byte long. One- 
operand instructions (e.g. INC and DEC) are usually two 
bytes long but some are encoded in only one byte. One- 
operand instructions may reference a register or mem- 
ory location. Two-operand instructions permit the follow- 
ing six types of instruction operations: 

I - ■-■ — •( 
— Register to Register ' ' 

j — Memory to Register 

' — Immediate to Register 
— Memory to Memory = ■ 

— Register to Memory 

j— Immediate to Memory 



Figure 3a. Status and Control Register Bit Functions 

Table 2. Flags Word Bit Functions 



Bit 
Position 


Name 


Function 





CF 


Carry Flag— Set on high-order tut 
(prrypr. borrow; cleai;ed otherwise 


2 




Parity Flag — Set if low-order 8 bits 
ofi«sult!contain aneven nUmberof 
1 -t9ite;-cleared othe(w|i!e : 


4 


AF 


Set on ca^MinattliMWiritoatie 
low orderlour^li^i^NHt^l^ved 
otherwise 


6 


ZF 


Zero Flag-Set 1f-TO80lf-'tr zero; 
cleared otherwise 


7 


SF 


Sign Flag — Set equal to high-order 
bit of result (0 if positive, 1 if negative) 


11 


OF 


Overflow Flag — Set if result Is a too- 
large positive number or a too-small 
negative number (excluding sign-bit) 
to fit in destination operand; cleared 
eifierwise 


8 


TF 


Single Step Flag — Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


9 


IF 


Interrupt-enable Flag — When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


10 


DF 


Direction Flag— Causes string 
instructions to auto decrement 
the appropriate index registers 
when set. Clearing DF causes 
auto increment. 



A-6 
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Two-operand instructions (e.g. MOV and ADD) are usu- 
ally three to six bytes long. MemoryjtQJtlcmory opera- 
tions are provided by a special class ofWrig instructions 
requiring one to three bytes. For detailed instruction for- 
mats and encodings refer to the instruction set summary 
lat the end of this docUtinight. 

1 '"foHmv. oirA^ 



GENERAL PURPOSE 


MOV 


Move byte or word . . 


PUSH 


Push word onto stack i's 


POP 


Pop word off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers from stack 


XCHG 


Exchange byte or word 


XLAT , 


Translate byte 


INPUT/OUTPUT ^ 


IN 


Input byte or word 


OUT 


Output byte or word 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer using DS 


LES 


Load pointer using ES 


FUVG TRANSFER 


LAHF , 


Loadi AH register from flags 


SAHF 


Storfe AHregister iri fljigs 


PUSHF 


Push flags onto stack ' 


POPF 


Pop flagsoff stack , ^^..^ , ._. 



ADDITION 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Increment byte or word by 1 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


SubtmiM^ orawoFd 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


MEG 


Negate byte or word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte orword unsigned * 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVII^ON __J_ 


DIV 


Divide byte or word unsigned 


IDIV 


Integer divide byte 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword 



Figure 4b«<Arlthinetlc Instructions 



Figure 4a. Data IVansfU'fliltiy^titStlai--^ ' ' ' 



MOVS 


Move byte or word string 


INS 


Input bytes or word string 


OUTS 


Output bytes or word string 


CMPS 


Compare byte or word string 


SCAS .1 


Scan byte or word string 


LODS ' ' 


Load byte or word string 


STOS 


Store byte or-weiiMNngi 


REP 


Repeat 


REPE/REPZ 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not equal/not zero 



LOGICALS 


NOT 


"Not" byte or word 


AND 


'And" byte or word 


OR 


"Inclusive or" byte or word 


XOR 


"Exclusive or" byte or word 


TEST 


"Test" byte or word 


SHIFTS 


SHL7SAL 


Shift logical/arithmetic left byte or word 


SHR 


ShKt k>giGa(iight byte or word 


SAR- 


Shift arithmetic right byte or word 




ROTATES 


ROL 


Rotate left byte or word ^ . 


ROR 


Rotate right byte or word 


RCL 


Rotate through carry left byte or word 


RCR 


Rotate through carry right byte or word 



Figure 4c. String Instructions 



Figure 4d. Shift/Rotate/Loglcal Instructions. 

ttnott-ju-l-nn '>■-"' -■ f^i-' n'-vmgH 



Ae7A 



JA/JNBE 


Jump If above/not below nor equal 


CALL . 


Call procedure 


JAE/JNB 


Jump If above or equal/not below 


RET 


Return from procedure 


JB/JNAE 


Jump If below/not above nor equal 


jmP''"*'^''""'^'""^ 




JBE/JNA 


Jump if below or equal 'not above 


JC 


Jump if carry 


. , ^. :)NTROLS 


JE/JZ 


Jump If equal/zero 


LOOP 


Loop 


JG/JNLE 


Jump if greater/rrat less nor equal 


JGeJNL 


Jump if greater orequal^t less^ 


LOOPEA.OOPZ'-" 


' Loop if equal/zero 


JUJNGE 


Jump if less/not greater nor equal 


LOOPNE/LOOPNZ 


Loop If not equal/not zero 


JLE/JNG 


Jump If less or equal/not greater 


XXZ 


Jump if register CX = 


JNC 


Jump if not carry 






JNE/JNZ 


Jump if not equal not zero 


INTERRUPTS AHE • 


JNO 


Jump if not overflow 






JNP/JPO 


Jump if not parity/parity odd 


INT ticwi 


Interrupt 


JNS 


Jump If not sign 


INTO 


Interrupt if overflow 


JO 


Jump If overflow 


IRET TU'^Tl 


omifinUpt return 


JP/JPE 


Jump If parity/parity even 




JS 


Jump if sign 







tt\>( 



Figure 4e. Progi^lMii^iiJiittriJfitions 



FLAG OPERATIONS 


STC 


Set carry flag 


CLC 


Clear carry flag 


CMC 


Complemerrt carry flag 


STD 


Set direction flag 


OLD 


Clear direction flag 


STI 


Set interrupt enable flag „ _ 


CLI 


Clear Interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 


Halt until interrupt or reset _ _ ' 


WAIT 


Walt for BUSY not active 


ESC 


Escape to extension processor 


LOCK 


Ixxk bus during next instruction 


NO OPERATION 


NOP No operation 


EXECUTION ENVIRONMENT CONTROL 


LMSW 


Load mactiine status word 


SNflSW 


Store mactiine status word 



Memory Orgaiiiatfon ^ 

Memory is organized as sets of vai^i&(e4ength seg- 
ments. Each segment is a linear contiguous sequence 
of up to 64K (216) 8-bit bytes. Memory is addressed us- 
ing a two-component address (a pointer) that consists 
of a 16-bit segment selector, and a 16-bit offset. The 
segment selector indicates the desired segment in 
memory. The offset component indicates the desired byte 
addresswithipthejsegment ., i- i-. i 



Figure 4f. Processor Control Instructions 



ENTER 


Format stack for procedure entry 


LEAVE 


Restore stack for procedure exit 


BOUND 


Detects values outside prescribed range 



32-BIT POmTER 



OPERAND 
SELECTED 



SELECTED 
SEGMENT 



' ~ T " T , MEMORr . 



F^r»4^. High Level Instnietiom 



Figures. IWoConqionent Address 
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Table 3. Segment Register Selection Rule^ 



Memory 
Reference Needed 


Segment Register 
Used 


ImpllcitSegment '^..-f^^i 
Selection Rule 


Instructions 


Code(CS) 


Automatic with instruction prefetch t^ *- - 


Stack 


Stack (SS) 


All stack pushes and pops. Any memory reference which uses BP as a 
base register. 


Local Data 


Data (DS) 


All data references except when relative to stack or string destination 


External (Global) Data 


Extra (ES) 


Alternate data segment and destination of string operation 



All instructions that address operands in memory must 
specify the segment and the offset. For speed and com- 
paxA instruction encoding, segment selectors are usu- 
ally stored In the high speed s^ment registers. An 
Instmctlon need specify only the desired segment reg- 
ister and an offset in order to address a memory operand. 

Most instructions need not explicitly specify which seg- 
ment register is used. The correct segment register is 
automatically chosen according to the rules.of Table 3. 
These rules follow ~tha way programs^y-i^ wrttten (see 
figure 6) sis independent modules thatfequitre' areas for 
code and data, a stack, and access to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
To access operands not residing in one of the four 
immediately available segments, a full 32-bit pointer 
or a new segment selector must be loaded. 

I 

Addressing Mod(^ 

The 80286 provides a total of eight addressing modes 
for instructions to specify operands. Two addressing 
modes are provided for instructions that operate on reg- 
istetor immgJ(fl)(e,$iBipnds: ,, „ , , , , ^J- 

Register Operand Mode: The operand is located in 
one of the 8 or 1 6-bit general registers. 

Immediate Operand Mode. The operand is included 
in the instruction. 

Six modes are provided to specify the location of an op- 
erand in a memory segment. A memory operand ad- 
idr^ corjsists of two 16-bit components: segment 
seUcbr and offset. The segmentselector issupplied by 
a segment register either implicitly chosen by the ad- 
dressing mode or expllcftly chosen by a segment over- 
ride prefix. The offset Is calculated by summing any 
combination of the following three address elements: 

the displac e m e nt (an 8 or 1€-blt imiTiediate value 

contained in the instruction) 

the base (contents of either the BX or BP base 
registers) 

the Index (contents of eittier the SI or Dl index re^stm) 



•r..r. : /liOS>'il>3 i 
L-'i'.^ie A 



PROCESS 
STACK 



PROCESS 
DATA 
BLOCK 1 



SEGMENT 
REQISTERS 



I I 

MEMORV 



i.ni 



Segmented Memory Helps 
Structure Software 



Any carry out from the 16-bit addition is ignored. Eight- 
lait displacements are sign tended to 1 6-bit values. 

Combinations of these three address elements define 
the six memory addressing modes, described below. 

Direct Mode: The operand's offset is contained in the 
instruction as an 8 or 16-bit displacement element. 

Register indirect Mode: The operand's offset is in one 
of the registers SI, DI, B>X, Of BP. > 

Based Mode: The operand's offset is^ sum of an 8 or 
1 6-bit dlsplac^ent and ttte contents of a base register 
(BXorBP). 
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IfWiexed Kfoife: The operand's offsit^fi#^'«^iff t' << 
or 1 6-bit displacerfienilna the cSn%hts of an index reg- 
ister (Si or Di). 

Based Indexed Mode: The operand's offset is the sum 
of the contents of a base register and an index register 

Based Indexed Mode with Displacement: The oper- 
and's offset is the sum of a base register's contents, an 
index register's contents, and an 8 or 16-bit displacement. 

Data Types 

The 80286 directly supports the following data types: 

Integer: A signed binary numeric value con- 
tained In sh 8-bit byte or a 16-bit word. 
All operations assume « comple- 
ment representatiort: Signed 32 and 64-; 
yx Integers are supported using the lAPX 
286/20 Numeric Data Processor. 



jPrtllBr; 

string: 
ASCII: 
BCD: 

Packed BCD 



An unsigned binary numeric value con- 
tained in an 8-blt byte or 1 6-bit word. 

^ A 32-bit quantity, composed of a seg- 
ment selector component and an offset 
component. Each.component is a 16-bit 
word. 

A contiguous sequence of bytes or 
words. A string may^coiitaln from 1 byte 
to 64K bytes. 

A byte representation of alphanumeric 
and control characters using the ASCII 
standard gf character representation. 

A byib ftmpftcked) representation of the 
decimal digits 0-9. 



A byte (pacl<ed) representation of two 
decimal digits 0-9 storing^®i*ife digit ir^ 
each nibble of the byte. 

Floating PM: A signed 32, 64, or SO^bit real number 
^presentation. (^Mtg point operands 
are supported using the -IAPX-a8a'20 
Numeric Processor configurition.) 

Figure 7 graphically represents the data types sup- 
ported by the iAPX 286. 



I/O Space 

Th^l^' spilfce consists of 64K 8-bit or 32K 16-bit ports. 
I/Q instructions address the I/O space with either an 8- 
bit port address, specified in the instruction, or a 16-bit 
port address in the DX register. 8-bit port addresses are 
zero extended such that A15-A8 are LOW. I/O port ad- 
dresses 00F8(H) throughOOFP(W)'are reserved. 



s,CNEonTTJTTTl 



SIGN BIT -I L. 



1!: ' 



UNSIQNED I II I I I III 



SIGNED 
WORD 



MAGNITUDE 

1514 ' ' 



I M I M I I I 11 I II I 



SI^N BIT I '-MSB 



SIGNED 31 ^' 1615 

II IMIII 11111! Ill 



„ 



DOUBLE 

WORD* 

SIGN aiT-'i'- MSB 



| l lljl ' l I j l l i jl l I I I I I | l I I |ll I j 



MAGNrrUDE 

+ 7 +6 +5 +4 +3 +2 +1 

SIGNED 63 48 47 32 31 1615 

QUAD ' ■ 



SIGN BIT ^1- MSB 



M ill 



MAGNItUDi; 



SIGNED I I I I I I n M I I I I I I I 
WORD 1 ' I ' I 



coSeJ|||||"'| ... |'"i'"r"l"'| 

DECIMAL I 1 I ^ 1 — 1 

(BCD) 



MAGNITUDE 



ASCII 



BCD 
DIGIT N 

7 
I I I I I I I I I 



BCD BCD 

DIGIT 1 DIGIT 

7 *^ 7 ( 
I I I I I I I I 



I I I I I I 



ASCII 
CHARACTERn 

7 +N , - 

""ED llllllll 
BCD 



ASCII ASCII 
CHARACiTtRi CHARACTERo 



MOST 

SIGNIFICANT Dierr 



715 ^'^ 7/15 



rprm 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



byte;word n 



BYTE WORD 1 BYTE WORD 

,6,5 +1 » ■ 



FLOATING 
POINT- 



|TTT[1 T1 jm I'l IT-jTTT 


{MljlM|lll 


1 




1 1 




1 




SELECTOR 


OFFSET 






79+9 +8 +7 +6 +5 


+4 +3 +2 


+ 1 





II 1 1 1 1 1 1 1 I.I : 1 


i 1 








EXPONENT 


MAGNITUDE . 







■awgrtMlwt)iF>aiW».ll><V^ .,: 

■ , I' io i^uiljjr 



'■3 0.;HltjDf=, ■'■S'""! : 



Plpifeif!r'4AMC;^Siappoi^iKrii<l|tiMn 
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Table 4. Interrupt ViBctOf Assignments 



Function . 

.-.-1 . 


Interrupt 
Number 


Reiatea 
Instructions 


Return Address 
Before Instruction 
Causing Exception? 


Divide error exception 





DIV, IDIV 


Yes 


Single step interrupt 


1 


All 




NMI interrupt ,' 


|2 


All - - 




Breakpoint interrupt 


3 


INT "• ' ■ " " 




INTO detected overflow exception 


4 


INTO 


No ^ 


BOUND range exceeded excepUon - 


5 


BOUND 


Yes 


Invalid opcode exG«ption 


6 


Any undefined opcode 


Yes 


Processor exteriSldn riotWaitableoJiceiSlfiJn -f -' ' 


7 


ESC or WAIT 


Yes 


Reserved 


8-15 




' ■ - ■ ' 


Processor extension error interrupt 


16 


EapprVWMT, ;i 




Reserved 


17-31 


■ :0 r,r;'7:;i -'Ji i I"--' 


. .■ , ot SiiS J 


User defined 


32-255 







til: • !>!.'•! <■.■'!» «l 

the interrupt flag bit (IF) in the flag word. All 224 user' 
defined m^ffj^ sBi^^s^^e^ share this input, yet they 
can retain separate^nterrupt handlers. An 8-bit vector 
read by the CPU during tfie interrupt acicnowledge se- 
quence (discussed in Systerh Interface section) identi- 
fies the source of the interrupt. 

Further meislcable interrupts are disabled while servic- 
ing an irtterrupt by reseMftg tfie IF but as part of the 
response to an interrupt or exception. The saved flag 
word will reflect the enable status of the processor prior 
to the interrupt. Until the flag word Is restored to the flag 
register, the interrupt flag will be zero unless specifically 
set. The Interrupt return Instruction Includes restoring 
the flag word, thereby restoring the original status of IF. 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

A non-maskable Interrupt Input (NMI) |s also provided. 
NMI has higher priority than INTR. Atypical use of NMI 
would be to activate a power failure routine. The activa- 
tion of this Input causes an interrupt with an internally 
supplied vector value of 2. No externa) interiivttili^ 
knowledge sequence is performed. 

While executing ttieNMI servicing procedure, the 80286 
will service neither further NMI requests, INTR re-t 
quests, nor the processor extension segment overrun' 
interrupt until an interrupt return (IRET) instruction is ex- 
ecuted or the CPU is reset. If NMI occurs while currently 
servicing an NMI, its presence will be saved for servic- 
ing after executing the first IRET Instruction. IF Is cleared 
at the beginnino-e^tm'NMf*rtettu|}t^lMliWl4t INTR 
interrupts. ^^^-'<>^''^ 



.abrnmeif)'^!^ ISo: 3tt .XsAi n< 

Interrupts . , . , ^. 

An imerrupt transfers^executiorrto aiiewrprogram loca- 
tion. The old program adcftess (CS:IP) and machine state 
(Flags) are saved on the stacl< to allow resumption 
of the Interrupted program. Interrupts fall into three 
classes: hardware Initiated, INTInstructions, and instruc- 
tion exceptions. Hardware initiated interrupts occur 
in response to an external input and are classified 
as non-maskable or maskable. Programs may cause 
an interrupt with an INT instruction. Instruction excep- 
tions occur when an unusual condition, which pre- 
vents further instruction processing, is detected while 
attempting to execute an instruction. The return ad- 
dress from an exception will always point at the in- 
struction causing the exception and include any leading 
instruction prefixes. 

AtaOie containing up to 256 pointers defines tfie proper 
fnterfupt service routine for each interrupt. Interrupts 0- 
31 , ^me of which are used for instruction exceptions, 
are reserved. For each interrupt, an 8-bit vector must be 
supplied to the 80286 which identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter- 
nally. INT instructions contain or imply the vector and 
allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non- 
maskable hardware interrupts use a predefined inter- 
nally supplied vector 

InASKABLE interrupt (INTR) 

The 80286 provides a maskable hardware interrupt re- 
quest pin, INTR. Software enables this Input by setting 




I lie (53«:oo nas an iniernai inierrupi tnai aiiows pro- 
grams to execute one instruction at a time. It Is called the 
single step Interrupt and is controlled by the single step 
flag bit (TF) In the flag word. Once this bit is set, an inter- 
nal single step Interrupt will occur after the next instruc- 
tion has been executed. The interrupt clears the TF bit 
and uses an Internally supplied vector of 1. The IRET 
Instruction is used to set the TF bit and transfer control 
to the next instruction to be single stepped. 

Interrupt Priorities 

When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS;IP to point at the first instruction of the inter- 
rupt handler If other interrupts remain enabled they are 
processed before the first instruction of the current In- 
terrupt handler Is executed. The last interrupt processed 
is therefore the first one serviced. 

Table 5. Interrupt Processing Order 



Order 


Interrupt 


1 


INT instruction or exception,, ,. 


2 


Singlestep ;: • ',<•■■- ■f.yuo'- 


3 


NMI 


4 


Processor extension segnnent overrun 


5 


INTR 



Initialization and Processor Reset 

Processor initialization or start up Is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
80286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RE- 
SET is active. After RESET becomes inactive and an 
internal processing interval elapses, the 80286 begins 
execution in real address mode with the instruction at 
physical location FFFFFO(H). RESET also sets some 
registers to predeflned veilues eTs^^fiOvim shown In 
Table6. ' ^ 



Flag word 

Machine Status Word 
Instruction pointer 
Code segment 
Data segment _ 
Extra segment 
Stack segment 



0002(H) 
FFFO(H) 
FFFO(H) 
FOOO(H) 
0000(H) 
0000(H) 
OPOO(H) 



Machine Status Word Description 

The machine status word (MSW) records when a tasl< 
switch takes place and controls the operating mode of 
the 80286. It is a 16-bit register of which the lower four 
bits are used. One bit places the CPU Into protected 
mode, while the other three bits, as shown in Table 7, 
control theprocessor extension intetf»».After RESET, 
ttus register cpnteutisUF.FFQCH) which pla^ th^ 80286 
In lAPX 86 real address mode. 

Table?. MSW Bit Functions 



Bit 
Position 


Name 


Function 





PE 


Protected mode enable places the 
80286 into protected mode and can 
not be cleared except by RESET. 


1 


MP 


Monitor grocessor extension al- 
lows WAIT instructions tO cause a 
processor extension not present 
exception (numt)er7). 


2 


EM 


Emulate processor extension 

causes a processor extension not 
present exception (number 7) on 
ESC instructions to allow emulat- 
ing a processor extension. 


3 


TS 


Task switched indicates the next 
instruction using a processor ex- 
tension will cause exception 7 al- 
lowing software to test whether the 
current processor extension con- 
text belongs to the current task. 



The LMSW and SMSW instructions can load and store 
the I^SW In real address mode. Tll@#MmineMded use 
of TS, EM, and MP is shown In Table 8. ' 



Table 8. RecQBBWWWted MSW Encodings For Prpcessjgf^ &ttangijm Control 



TS 


MP 


EM 


RecommendeilUMi"-'-'^'.'' -..-'.i 


Instructions 

Causing 
Exception 7 











Initial eflboffliig after RfiSBT. iAPX 286 operation Is Identical to 
lAPX 86,88. ' ' ' 


None 








1 


No processor extension is available. Software will emulate its function. 


ESC 


1 





1 


No processor extension is available. Softw^e wUlemulate Its junc^qo- The current 
processorextensioncontextmayEii^ongtonim«fnBkt'' ■"-*''■ -' 


ESC 





1 





A processor extension exists. 


None 


1 


1 





A processor extension exists. The current processor extenswn contact may t>elong 
to another task. The exception on WAIT allows software to test for an emor pending 
from a previous processor extension operation. 


ESC or 
WAIT 



Halt 

The HLT instruction stops program execution and pre- 
vents the CPU from using the local bus until restarted. 
Either NMI, INTR with IF = 1 , or RESET will force the 
801^6 out of halt. If interrupted,: the saved CS:IP will 
potht ft) the next instruction after the HLT. ' 



iAPX 86 REAL ADDRESS MODE 

The 80286 executes afully upward-compatible superset 
of the 8086 instruction set In real address mode. In real 
address mode the 80286 is object code compatible with 
8086 and 8088 software. The real address mode archi- 
tecture (registers and addressing modes) Is exactly as 
described in the IAPX 286/1 Base Architecture section 
of this Functional Description. 

Memory Size i t 

Physical memory is a contiguous array of up to 
1,(M8,578 bytes (on e meg abyte) addressed by pins 
Aq through A^g and BHE. A20 through A23 may be 
ignored. 



Memory Addressing 

In real address mode the processor generates 20-bit 
physical addresses directly frofri^2^^^^es|lTtentj39se 
address and a 16-bit offset. ^' ■ • 

The selector portion of a pointer is interpreted as th& 
upper 16 bits of a 20-bit segment address. The lower 
four bits of the 20-blt segment address are slways zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes. See Figure 8 for a graphic representation of ad- 
dress formation. 

All segments in real address mode are 64K bytes in size 
and may be read, written, or executed. An exception or 
interrupt can occur if data operands or instructions at- 
tempt to wrap arouifd the 6nd segment (e.g. a word 
with its low order byte at offset FFFF(H) and its hiqh 
order byte at offset 0000(H)). #,'ft^lif^«^'i<nddef 
ttta^rnjatipncorKiyriQci in a sognient does not use the 
full<€4K bytesi the jtmMsed end of the segment may be 
overlayed by another; segment to iecluse:iph)i9lcal(i!Qantt^ 
ory requirements. : ;• ■ ■ c^^!■i^ix^^r\cmfin,r^ 

. -H. '/lomsrn 1831 fi 

Rctserved Memory Locations 

The 80286 reserves two fixed areas of memory in real 
address mode (see Figure 9); system initialization area 
and interrupt table area. Locations from addresses 
FFFFO(H) thorugh FFFFF(H) are reserved for system 
initialization. Initial execution begins at location FFFFO(H). 
Locations OOOOO(H) through 003FF(H) are reserved for 
interrupt vectors. 
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OFFSET 
ADDRESS 



SEGMENT 
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Figure 9. iAPX 86 Real Address Mode Initially 
Resarvad Mainory tocaHtons 
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Table 9. Real Address Mode Addressing Interrupts 



Function 


Interrupt 
Number 


Related 
Instructions 


Return Address 
Before Instruction? 


Interrupt table limit too small exception 


8 


INT vector isnot Within table Nmit 


Yes 


Processor extension segment overrun 
interrupt 


9 


ESC with memory bperand extend- 
ing beyond offset FFFF(H) 


• •■ ■•■Nd-' 

. ■••■,i\Qf. ,)(t, .- U\ ■ 


Sfgmentovenun exception 


13 

— — 


Word memory reference with offset 
= FFFF(H) or an attempt to exe- 
cute past the end of a segment 


Yes 



Interrupit ' - i 

Table 9 shows the interrupt vectors reserved for excep- 
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing be- 
fore attempting to execute the failing instruction (except 
for PUSH, POP, PUSHA, or POPA). Refer to the next 
section on protected mode initialization for a discussion 
on exception 8. | 

^Miecliil MtKlB Initialization 

To prepare the 80286 for protected mode, the LIDT in- 
struction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode inten'upt table.> 
This Instruction can also set a base and limit for the in- 
terrupt vector table in real address mode. After reset, 
the interrupt table base is initialized to 000000(H) and 
its size set to 03FF(H). These values are compatible 
with iAPX 86, 88 software. LIDT should only be exe- 
cuted in preparation for protected mode. 

Shutdown 

Shutdown occurs wheh a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown and heUt are externeiliy signalled viaa halt bus 
operation. They can badistinguishedbyAi HIGHfor halt 
land At LOW for shutdo«|nl In real jiddfj^ mode, shut- 
'down ean ocGQPiiirjdertwl^lkihdtwiES?— - 

• Exceptions 8 or 13 happen and the IDT llrWElbes no^ 
include the interrupt vector ■ 

!• A {^ALL, INT, or POP instruction attempts to wrap 
around the staci< segment when SP is not even. 

An NMI input can bring the CPU out of shutdown if the 
IDT limit is at least OOOF(H) and SP is greater than 
0005(H), otherwise shutdown can only be exited via the 
input. J . ' i 



PROTECTED VIRTUAL ADDRESS MODE 

The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in protected virtual address 
mode (protected mode). Protected mode also provides 
memory management and protection mechanisms and 
associated instructions. 

The 80286 enters protected virtual addressH,mQ0 from 
real address mode by setting the PE (Prdt«fibn*£n-' 
able) bit of the machine status word with the Load Ma- 
chine Status Word (LMSW) instruction. Protected mode 
offers extended physical and virtual memory address 
space, memory protection mechanisms, and new oper- 
ations to support operating systems and Vlrftial memory. 

All registers, instructions, and addressing modes de- 
scribed in the iAPX 286/10 Base Architecture section of 
^i&FMn^l^l^l^e^ptlon remain the same. Programs 
mme lAPXis, 88. 186, and real address mode 80286 
can be run in protected mode; however, sfj^Md^ con- 
stants for segment seiedtORS4alie^iftgr8llGI io^i)e'« 

;.':yf'"'838 nr* c :0 all" 3f J', , ■ 

MemorySize 

The protected mode 80286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte 
physical address space defined by the address pins A23- 
Ao and BHE. The virtual address space may be. larger 
than the physical address space since any use of an 
s^ess tliat does noM^iotfteiiysiQiatpefS^iy \<m>i 
^n.wiili cause ar^Mlei<mi^tt9Qu-,-iai^v<it vr.al 
■v:-^: I 'jr.i, ■ . Vi ^c-.i.: tg o^■ : itSio 3f v/ 

Memory Addressing - - >^ 

As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset com- 
ponents. The selector, however, specifies an Index Into 
a memory resident table rather than the upper 16-bits of 
a real memory address. The 24-bit base aidrass of the 









/ h; .'I 
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desired segment is obtained from the tables in memory. 
The 16-bit offset is added to the segment base address 
to form the physical address as shown in Figure 10. The 
tables are automatically referenced by the CPU when- 
ever a segment register is loaded with a selector. All 
iAPX 286 instructions which load a segment register will 
reference the memory based tabl es without additional 
isoftware. The memory t>asedM)Ies containjs byte val-| 
ues called descriptors.- . -.j 



DESCRIPTORS 

Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of con- 
trol and task switching. The 80286 has segment de- 
scriptors for code, stack and data segments, and system 
- control descriptors for special system data segments and 
ioGQnttol transfer operations. Descriptor accesses are 
iperfnitiedte^vlochedttitis operationilo^^re desof^ 
■ioriritBgEi^EiainiiW^iirei»ssorsystMns.^^ 




SEGMENT BASE 



PHYSICAL HEMORV 



SEGMENT 
DESCRIPTOR 

i 



SEGMENT 

DESCRIPTOR 

TABLE 



figure 10. Protected Mod^Mempry Addressing 



CODE AND DATA SEGMENT DESCRIPTORS 

Besides segment base addresses, code and data de- 
scriptors contain other segment attributes including 
segment size (1 to 64K bytes), access rights (read only, 
read/write, execute only, and execute/read), and pres- 
ence in memory (for virtual memory systems) (See Fig- 
^ ^ 11). Any segment usage violaUng a segment attribute 
KjflfPfi$l4Jfeb^5"e::Siawif.nt descriptorjwill prevent the 
•(^iS9fifCif#9!fl)d^»use an exception or Merrupt. ^ i: 

Segment Descriptor 



ACCESS 
RIGHTS BYTE 



INTEL RESERVED* 



BASE33-ifi 



__I 



tll^lM ntlo « tor MnpMitllHy witti l*m 3as. 



Access Rights Byt^^plfiWon 



Bit 
Position 


Name 


Function 


7 


Present (P) 


P = i 


Segment is mapped into physical memory. 








P = 


No mapping to physical memory exists, base and limit are not used. 


6-5 


Descriptor Privilege 
Level (DPL) 




Sieigment privilege attribute used In privilege tests. 




4 


Segment Descrip- 
tor (S) 


S=1 

s=o 


Code or Data segment descriptor 
Non-segment descriptor 




3 


Executable (E) 


E = 


Data segment descriptor type Is: 




2 


Expansion Direc- 
tion (ED) 


ED = Grow up segment, offsets must be « limit. 


Data 






ED = 1 


Grow down segment, offsets must be > limit. 


Segment 


1 


wmeable(W) 


W=0 
W=1 


Data segment may not be written into. 

Data segment may be written into. . 




3 


Executable 


E=1 


Code Segment Descriptor type is: . ~ , ■ ~ 




2 


Conforming (C) 


0=1 


Code segment may only be executed when GPL 3^ DPL. 


^Code 


1 


Readable (R) 


R = 

R = 1 


Code segment may not be read. 

Code segment may be read. 


Segment 





Accessed (A) 


A = 
A=1 


Segment tias not been accessed. 

Segment selector has been loaded Into segment register or used by 
selector test instructions. ,^ . . 
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cod& sSgmenis ana aaia segmenis. tsom types are 
identified and defined by segment descriptors. Code 
segments are identified by the executable (E) bit set to 
1 in the descriptor access rights byte. The access rights 
byte of both code and data segment descriptor types 
have three fields in common: present (P) bit, Descriptor 
Privilege Level (DPL), and accessed (A) bit. If P = 0, 
any attempted use of this segment will cause a not-pres- 
ent exception. DPL specifies the privilege level of the 
segment descriptor. DPL effects when the d^criptor may 
be used by a task (refer to privilege.fdiff^i^Qn^^^^ilf)- 
The A bit shows whether the segme«it.hiit)be«!i(fK9iri- 
ously accessed for usage profilingr;9ir)e$^S9it)l,f^M<ii'- 
tual memory systems. The CPU will alwK^set thiatilt 
when accessing the descriptor. 

Data segments (S = 1 , E = 0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W= 0) data segments may not be writ- 
ten into. Data segments may grow in two directions, as 
determined by the Expansion Direction (ED) bit: up- 
wards (ED = 0) for data segments, and downwards 
(ED = 1 ) for a segment containing a stacl(. The limit field 
for a data segment descriptor is interpreted differenf^ 
depending on the ED bit (see Figure 11). 

A code segment (S=1, E=1) may be execute-only 
or execute/read as determined by the Readable (R) 
bit. Code segments may never be written into and 
execute-only code segments (R =0) may not be read. 
■ A code segment may also have an attribute called 
conforming (C). A conforming code segment may be 
shared by programs that execute at different privi- 
lege levels. The DPL of a conforming code segment 
defines the range of privilege levels at which the 
segment may be executed (refer to privilege discus- 
sion below). The limit field identifies the last byte of 
a code-segment- - , ^„„^ 

In addition to code and data segment descriptors, the 
protected mode 80286 defines systera epntMil dsacripc < 
tors. These descriptors dj^jne special.system data sft-!" 
ments and control transfer mechanismsln the proteeted 
environment. The special system data, s^iment de- 
scriptors define segments which contain tables of de- 
scriptors (Local Descriptor Table Descriptor) and 
segments which contain the execution state of a task 
(Task State Segment Descriptor). 

The control transfer descriptors are call gates, task gates, 
interrupt gates and trap gates. Gates provide a level of 
indirection between the source and destinatkin of the 
control transfer This indirection allows Jthe:GPy to aU' 
tomatically perform protection check%fj||i^:ee<<l^ilw> 
entry point of the destination. Call gales ffi«iQsed:-to 
charae privtte^ Ip/els (see Privilege), task gates are 
i^otb per^n a task switch, and interrupt and trap 
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System Segment Descrlpteff Rrtd i t 



Name 


>telue 


Description 


TYPE 


1 

2 
3 


Available Task State Segment "* ' 

Local Descriptor Table Descriptor 
Busy Task State Segment 


P 



1 


Descriptor contents are not valid 
Descriptor contents are valid 


DPL 


0-3 


Descriptor Privilege Level 


BASE 


24-bit 
number 


Base Address of special system data 
segment in real memory 


LIMIT 


16-bit 
number 


Offsetof last byte in segment , ^ 



Figure 12. Sys^anji Segment Format 

gates are used to specify interrupt service routines. The 
interrupt ga^e disables interrupts (resets IF) while the 
trap gate d(^rK>t J: 

Figure T^^iv|is fliie^(nats^^r'the special ^stern data 
segment ddsciiptbrs. The descriptors contain a 24-bit 
base address of the segment and a 16-bit limit. The ac- 
cess byte defines the type of descriptor, its state and 
privilege level. The descriptor contents are valid and the 
segment is in physical memory if P = 1 . If P = 0, the 
segment is not valid. The DPL field is only used in Task 
State Segment descriptors and indicates the privilege 
level at which the descriptor may be used (see Privi- 
lege). Since the Local Descriptor Table descriptor may 
only be used by a special privileged instruction, the DPL 
field is not used. Bit 4 of the access byte is to indicate 
that it is a system control descriptor The type field spec- 
ifi^s tlie descriptors^ ^ iri^iqated in Figure 1 2. 

Figure 1 3 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to 
the descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment de- 
scriptor These gate descriptors contain the entry point 
to prevent a program from constructing and using an 
illegal entry point. Task gates may only refer to a task 
state segment. Since task,.g,atas invoke a task switch, 
file destination offset Is'riot used in ttie ieetcga^ i 

Exception 13 is generated when-twe gae.te lUeed if a 
destinationisole^ does nal;«erer to ttie correct de- 
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Gate Descriptor 



1 

INTEL RE 


SERVED* 


P 


DPL 
1 





TYPE 
1 1 1 


XXX 
1 1 


WORD 
COUNTvo 


DESnNATKM SELECTORts-2 


X X 


OeSTMAnON OFFSETm 
Si^-^ 1 1 
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Gate Descriptor Fields 



Nam* 


VMlM 


'"^DaaerlpMKl^'' 


TYPE 


4 
5 
6 
7 


-Call Gate . 
-Task Gate 
-Interrupt Gate 
-Trap Gate 


P 



1 


-Descriptor Contents are not 
valid 

-Descriptor Contents are 
valid 


DPL 


0-3 


Descriptor Privilege Level 


WORD 
COUNT 


0-31 


Number of words tocopy 
from callers stack to caltod 
procedures stack. Only used 
with call gate. 


DESTINATION 
SELECTOR 


16'bit 
selector 


Selector to the target code 
segment (Call, Interrupter 
Trap Gate) 

Selector to the target task 
state segment (Task Gate) 


DESTINATION 
OFFSET 


16-bit 
offset 


Entry point w/ithin the target 
code segment 



Figure 13^i Gate DescrlpterlForrgst 

scriptor type. The word count field Is used in the call gate 
descriptor to indicate the number of parameters (0-31 
words) to be automatically copied from the caller's stack 
to the stack of the called routine when a control transfer 
changes privilege levels. The wo^,G|^|]||e^i|;|)^jupBd 
by any other gate descriptor. 

The access byte fbnnndt is the same for all gate descrip- 
tors. P = 1 indicates that the gate contents are valid. P 
= 01ndicates #ie cOitt«4ts are not valid and causes ex- 



ception 11. if referenced. DPL is the descriptor privilege 
level and specifies when this descriptor may be used by 
a task (refer to privilege discussion below). Bit 4 must 
equal toi^teate'esysttm control descriptor..The type 
fieM spedflSStkfejcldsQi^priorlype as indexed Figure 

13. ■^9i^S:..v;fv.tll«i . ■ 

SEGMENT DESCRIPTOR CACHE REGISTERS 

A segment descriptor cache register Is assigned to each 
of the four segment registers (CS, SS, DS, ES). Seg- 
ment descriptors are ^tpmetically loaded (cached) into 
a segment de^riptor cache register (Figure 14) when- 
ev^ihe associated se^nnertt register is toiaded with a 
sriector. Only segment descriptors may tie kAded into 
segment descriptor cache registers. Once loaded, all 
references to that segment of memory use the cached 
descriptor information instead of reaccessing memory. 
The descriptor cache registers are not visible to pro- 
grams. No instructions exist to store their contents. They 
only change when a segment register is loaded. 

SELECTOR FIELDS 

A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (Tl), 
and selector privilege (RPL) as shown in Figure 15. These 
fields select one of two memory based tables of descrip- 
tors, select the appropriate table entry and allow high- 
speed testing of the selector's privilege attribute (referi 
to privilege discussion below). 



JNDEX 

I I I 1 I I I I I 



1-0 


REQUESTED 
PRIVILEGE 
LEVEL 
(RPL) 


INDICATES SELECTOR PRIVILEOe 
LEVEL DESIRED 


2 


TABLE 
INDICATOR 

(Tl) 


Tl = USE GLOBAL DESCRIPTOR TABLE 
(GOT) 

Tl = 1 USE LOCAL Dsenpnm-TMLE 

(LDT) 


15-3 


INDEX 


SELECT DESCRIPTOR ENTRV IN TABLE 



Tqiv 



Figure 15. Selector Fields 



PROGRAM VISIBLE 
SEGMENT SELECTORS 



SEQHENT REGISTEIIS 
(LOADED BY PflOenAH) 



ACCESS 
RIGHTS 



PROGRAM INVISIBLE 
SEGMENT BASE ADDRESS 



SEGMENT SIZE 



SEaHENVDESCiHPIOR CACMe REantERS 
(LOADED BY CPU) 



Figure 14. Descriptor Cache Registers 
A-17 
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LOCAL AND GLOBAL DESCRIPTOR TABLES 

Two tables of dsscriptorai called^^criptor tables, cen- 
talp#iftisi9iWm<aB6e^Nble byala^a^anygiwl^t^(nsc> 
At^iS^a^SSl^iB^I^^Smst'^Sinaf^m^KlA atS2)de!Bdi!tp' 
ters. 1^ tipper t3 bits of the selector value are an Index 
Info a deserqstor table. Each table has a 24-blt base reg- 
ister to locate the descriptor table jn physical niemory 
and a 1 6-blt limit register that confine descriptor access 
to the defined limits of the table as shown In Figure 1 6. A 
restartable exception (13) will occur If an attempt Is made 
to't'^r^l^ ^^li^riptor outside the table limH^ 

QrwMiK trailed th8g@lobal Descriptor Table 
eenMinS'^gscriptorsfwaHable toiaU'tasks. The ottiertsf' 
ble, called the Local Descriptor Table' (LDT), contains 
descriptors that can befirivate to a task. Each task may 
have Its own private LDT. The GOT may contain all de- 
scriptor types except Interrupt and trap descriptors. The 
LDT may contain only segment, task gate, and call gate 
descriptors. A segment cannot be accessed by a task if 
its segment descriptor does not exist in either descriptor 
table at the time of access. 



^ MEMORY 



LDT 

SELECTOR 



I PROGRAM INVISIBLE I 



. CURRENT 
' LDT 



.TAT* VmMi 



'Miirrlg. Local and Global Descrtptar 

Table Definition 

The LGDT and LLDT instructions load the base and limit 
of the global and local descriptor tables. LGDT and LLDT 
are protected. They may only be executed by trusted 
programs operating at level 0. The LGDT instruction loads 
a six byte field containing the 1 6-bit table limit and 24-bit 
base address of the Global Descriptor Table as shown 
In Figure 1 7. The LLDT Instruction loads a selector which 
refers to a Local Descriptor Table descriptor containing 
the base address and limit for an LDT. as shpwn in. Fig- 
ure 12. 
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^Figure 17. Global Descriptor Table and Interrupt 
Descriptor Table Data Type 

INTERRUPT DESCRIPTOR TABLE 

Jhe pfQt^iit'mi 90286 has a third desct<Por table, ! 

failed the Interrupt Descriptor Table (IDT) (see Figure 
8), used to define up to 256 Interrupts. It may contain 
only task gates. Interrupt gates and trap gates. The IDT 
(Interrupt Descriptor Table) has a 24-blt base and 16-bit 
limit register in the CPU. The protected LIDT instruction 
loads these registers with a six byte value of Identical 
form to that of the LGDT instruction ( sj9»Plg >sire 17 and; 
Protected Mode Initialization). , T"" 



GATE FOR 
INTERRUPT #n 



GATE FOR 
INTERRUPT #n-1 



GATE FOR 
INTERRUPT #1 



GATE FOR 
INTERRUPT #0 



INTERRUPT 
DESCRIPTOR 
' TABLE 
IIDT) 
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''^'¥l^>f MWCipt'tiesbriptor Table Definition 

References to IDT entries are made via INT instruc- 
tions, external interrupt ve^j^re, or exc§g4(^r]s.,The IDT 
must be at least 256 byte%ii|!Size to.ajlil^i^a^e for 
all reserved interrupts. 

Privilege 

The 80286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and ac- 
cess to descriptors (and their associated segments) within 
a task. Four-level privilege, as shown in Figure 19, is an 
extension of the user/supervisor mode commonly found 
In minicomputers. The privilege levels are numbered 
through 3. Level Is thesniqgprivileged level. Privilege 



lAPX 286/10 



CPU 

ENFORCED 
SOFTWARE 
INTERFACES 




^< Figure 18. NMiirchictfPrMtegeLevals - 

levels provide protection within a tasl<. (Tasks are iso- 
lated by providing private LDTs for eadn task.) Operat- 
ing system routines, interrupt handlers, and other system 
software can be Included and protected within the vir- 
tual address space of each task using the four levels of 
privilege. Tasks may also have a separate stack for each 
privilege level. 

Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege effects the use of instructions and 
descriptors. Descriptor and selector privilege only effect 
access to the descriptor. 



\e.n.i 



DESCRIPTOR PRIVILEGE 

Descriptor privilege is specified by the Descriptor Privi- 
lege Level (DPL) field of the descriptor access byte. DPL 
specifies the least trusted task privilege level (CPL) at 



which a task may access the descriptor Descriptors with 
DPL = are the most protected. Only tasks executing 
at privilege level (CPL = 0) may access them. De- 
scriptors with DPL = 3 are the least protected (I.e. have 
the-leaiitfestricted access) since tasks can access them 
when CPL = 0, 1 , 2, or 3. This rule applies to all descrip- 
tors, except LOT descriptors. 
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TASK PRIVILEGE 

A task always executes.al one of the four privilege levels. 
The task privilege level at any specific instant is called 
the Current Privilege Level (CPL) and is defined by the 
kxwer two bits of the CS register. CPL cannot change 
during execution In a single code segment. A task's CPL 
may only be Changed by control transfers through gate 
descriptors to a new code segment (See Control Trans- 
fer). Tasks begin executing at the CPL value specified 
by the code segment when the task is initiated via a task 
switch operation. A task executing at Level can access 
all data segments defined in the GDT and the task's LDT 
and is considered the most trusted level. A task execut- 
ing at Level 3 has the most restricted access to data and 
is considered the least twste^veL .. i" ii-.l.mio.oi 

,r!Oitq«0Ji3 



SELECTOR PRIVILEGE 

Selector privilege is specified by the Requested Privi- 
lege Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted priv- 
ilege level than the current privilege level for the use of a 
selector. This level is called the task's effective privilege 
level (EPL). RPL can only reduce the scope of a task's 
access to data with this selector. A task's effective privi- 
lege is the numeric maximum of RPL and CPL. A selec- 
tor with RPL = imposes no additional restriction on its 
use while a selector with RPL = 3 can only refer to seg- 
ments at priyilegf^fl,^ r^ardjess q||!;^||^'s CPL.,. 
RPL is generally used to verify tfiat pointer parameters 
psissed to' a more trusted procedure are not'allowed tc 
use ilataat amore privileged level than the caller (refer 
t&pl»MfeMS!M^ inflictions!). s r. •..^g^t.n. ,.>i.c,; 



Descriptor Access and Privilege Validation 

Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the in- 
struction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment ac- 
cesses are control transfer (selectors loaded into CS) 
and data (selectors loaded into DS, BStWSS}. 



DATA SEGMENT ACCESS 

Instructions that load selectors into DS and ES must 
refer to a data segment descriptor or readable code seg- 
ment descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged (nu- 
merically, equal to ortower4han) than the descrtpior DPL, 
m den^i^^icitfQFt^lacsess s^ments at the 
same or less privileged levels than the CPL or RPL 
(whichever is numerically higher) to prevent a program 
from accessing data it cannot be trusted to use. 

An exception to the rule is a readable conforming coda 
segment. This type of code segment can be read ^am 
any privilege level. ! 

If the privilege checks fail (e.g. DPL is numerically tess 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or exe- 
cute only code segment) exception 1 3 occurs. If the seg- 
ment is not present, exception 1 1 is generated. 
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descriptor privilege (DPL) and RPL must equal CPL. Aii 
other descriptor types or a privilege level violation will 
cause exception 13. A not present fault causes excep- 
tion 12. 

CONTROL TRANSFER 

Four types of control transfer can occur when a selector 

i 5 loaded into CS by a control transfer operation (see 
Table 10). Each transfer type can only occur if the oper- 
ation which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
niles (e.g. JMP through a call gate or RET to a Task State 
&«|fri«en^4IW^ill»(9 exception 13. 

The ability to reference a descriptor for control transfer 

ii also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descrip- 
tor with DPL equal to the task CPL or a conforming seg- 
ment with DPL of equal or greater privilege than CPL. 
The RPL of the selector used to reference the code de- 
scriptor must have as much privilege a3 CPL. 

RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the tasi< CPL. The selector loaded 
into CS is the return address from the stacl<. After the 
return, the selector RPL is the tasl<'s new GPL. If CPL 
changes, the old stacl< pointer is popped after the return 
address. 

When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task's CPL. Reference to a valid Task 



descriptor at a mpre privilegecl level than the task's CPL 
generates exceptioti 13. ' " 

When an instruction or interrupt references a gate de- • 
scriptor, the gate DPL must have the same or less privi- 
lege than the task CPL. If DPL is at a more privileged 
level than CPL, exception 13 occurs, if the destination 
selector contained in the gate references a code seg- 
ment descriptor, the code segment descriptor DPL must 
be the same or more privileged than the task CPL. If not, 
Exception 13 is issued. After ^the control transfer, the 
code segment d^cripK)JS-DPL is the te&lcs new CPL. If 
the destinatton .selector In the gate ret(K8tces a task 
state segment, a^»k switch i^airtomadcally performed 
(see Task Switch Operation). 

The privilege rules on control transfer require: 

^-^P orCALLdires^AGOde ■Si^tfiwMt.toQde seg- 
men||)jBigBBi<paw9WiH>»IWte»CBi^ ^ 
with DPL of equal or greater privilegelharvCPL or a 

non-conforming segment at the same privilege level. 

— interrupts within the task or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPL to 
a code segment at the same or more privileged level 
than CPL. 

— return instructions that don't switch tasks pari, only re- 
turn control to a code segment jt.^^^^i^^^^ 
privileged level. 

— ^task switch can be performed by a call, jump or inter- 
rupt which references either a task g9te:pr task state 
segment at the same or less privileged level. 



Table 10. Deacifptor Types Used for Control Transfer 



Control Transfer Types 


Operation lypes 


Descriptor 
Referenced 


Descriptor 
Table 


intersegment within the same privilege level 


JMP, CALL, RET, IRET* 


Code Segment 


GDT/LDT 


Intersegment to the same or highei;|yMl9%li!H9l<ntetrupt 

■- W- vfiti'/i- .:■)'■ ?6 - • ■■ : " 


CALL 


Call Gate 


GDT/LDT 


Interrupt Instruction, 
Exception, External 
Interrupt 


Trap or 

Interrupt 

Gate 


IDT 


, Intersegrnent to a lovwr privilege level (change8.tesk CPL) 


RET IREr 


Code Segment 


GDT/LDT 


Tas1< Switch 


CALL, JMP 


Task State 
Segment 


GDT 


CALL, JMP 


Task Gate 


GDT/LDT 


IRET" 

Interrupt Instruction, 
Exception, External 
Interrupt 


TUMMi 





'NT (Nested Task bit of flag word) = 
"NT (Nested Task bit of flag word) = 1 
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PRIVILEGE LEVEL CHANGES 

Any control transfer that changes CPL within the tasl<, 
causes a change of stacl<s as part of the operation .Initial 
values of SS:SP for privilege levels 0, 1 , and 2 are kept 
in the task state segment (refer to Task Switch Opera- 
tion). During a JMP or CALL control transfer, the new 
Stack pointer is loaded ^Jo the SS and S^j;eglsters and 
ijhe previbus stacl< pointer Is puslied ontaite new stack. 

When returning to the original privilege level, its stack is 
restored as part of the RET or IRET instruction opera- 
tion. For subroutine calls that pass parameters on the 
stack and cross privilege levels, a fixed number of words, 
a$ specified in the gate, are copied from the previous 
stack to (he curremt.staet^. The jjot|Sftse9it!eg-,pg[, \^-'., 
struction with astactcadju^entvahje vy>IU6C»'f9(^ly re<t 
store the previous stack pointer upon return. 

Protection 

The 80286 includes mechanisms to protect critical in- 
structions that affect the CPU execution state (e.g. HIT) 
and code or data segments from improper usage.Tfiese 
mechanisms are grouped under jjSii|^^"^^l^5^f, 
and have three forms: •> • 

Restricted usage of segments (e.g. no write allowed 
to read-only data segments). The only segments 
available for use are defined by descriptors in the Lo- 
cal Descriptor Table ()J3T) an4:C?jQ|?$l DeMlPit^^ 

bie(GDT). ■ ■ 

Restricted access-to segments via the wies^ pm\» 
lege and descriptor usage. 

Privileged instructions or operations that may only be 
executed at certain privilege levels as determined by 
the CPL and I/O Privilege Level (lOPL). The lOPL is 
defined by'blts 14 arrd 13 of thellag word. 

These checks are performed for all instructions and can 
be split into three categories: segment load checks (Ta- 
ble 11 ) , operand reference checks (Table 1 2) , and privi- 
leged instruction checks (Table 13). Any violation of the 
rules shown Will result in an exception. A not-present 
exception related to the stack segment causes excep- 
tion 12. 

The IRET and POPF instructions do not perform some 
of their defined functions if CPL is not of sufficient privi- 
lege (numerically small enough). No exceptions or other 
Indication are given when these conditions occur. 

The IF bit is not changed if CPL > iOPL. 

The IOPL field of the flag word is not changed if CPL 

>0. 



Table 11 

Segment Register Load Checks 



Error Description 


Exception 
Numbiif 


Descriptor table limit exceeded 


13 


Segment descriptor not-present 


1 1 on i 


Privilege rules«»iel{^iil"> 


; 13 


' 

Invalid descriptor/segment type seg- 
ment register load: 




— Read only data segment load to 
SS 

— Special control descriptor load to 

DS, ES, SS 
— Execute only segmerrt toad to 

DS,ES,SS 
— DatasegmentloadtoG® 
— Read/Execute code segment 

load to SS 


13 


Table 12 Operand Reference Checks 


Error Description 


Exception 
Number 


Write into code segment 
Read from execute-only code 
segment 

Write to read-only data segment 
Segment limit exceeded' 


13 
13 

12or13 


Note 1 : Carry out in offset calculations is ignored. 


Table 13. Privileged Instruction Checks 


Error Description 


Exception 
Number 


CPL ^ when executing the following 
instructions: . , 

LIDT LLDT LCSfll^CfftiliSW, 

CTS,HLT 


. IS 

•..■'T'.'rjn--.. .. 


CPL > IOPL when execufiog the fol- 
lowing instructois;,.,, \ - 

INS, IN, oLn^Joijr.BTi, 6li, 

LOCK 


13 



EXCEPTIONS 



The 80286 detects several types of exceptions and in- 
terrupts, in protected mode (see Table 14). IVIost are re- 
startable after the exceptional condition is removed. 
Interrupt handlers for most exceptions receive an error 
code, pushed on the stack after the return address, that 
identifies the selector involved (0 if none). The return 
address normally points to the failing instruction, includ- 
ing all leading prefixes. For a processor extension seg- 
ment overrun exception, the return address will not point 
at the ESC instruction that caused the exception; how- 
ever, the proG^or extension reg isters may contain Ihe 
address of the falling indfi©k*>n. > o'. « 1 c :>nie 
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Table 14. Protected Mode Exceptions 



inierrupi 
Vector 


*- 

Function 


■ ... 
Return 
Address 
At Failing 
Instruction? 


Always 
Restart- 
^ble? 


Error ' 
Code 
on Stack? 


8 


Double exception detected 


Yes 


No 


Yes 


9 


Processor extension segment ovrerrun 


No 


No 


No 


10 


Invalid task state segment "^^ur 


Yes 


Yes 


Yes 


11 


Segment not present 


Yes 


Yes 


Yes 


12 


Slack segment overrun or segment not present 


Yes 


Yesi 


Yes 


13 


General protection 


Yes 


No 


Yes 



Note 1 : Wtien a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception will not be 
restartable. This condition is identified by the value of the saved SP being either 0000(H), 0001 (H), FFFE(H), or FFFF(H). 



All these checks are performed for all instructions and 
can be split into three categories: segment load checl<s 
(Table 11), operand reference checks (Table 12), and 
privileged instruction checks (Table 13). Any violation of 
the rules sho wn will result in an exception. A fiot- presen t i 
exceptiot^ n^M^d to the stack segmettt causes @ccep- 
tion12. v-'r 

1 

Special Operations 

TASK SWITCH OPERATION 

The 80286 provides a built-in task switch operation which 
saves the entire 80286 execution state (registers, ad- 
dress space, and a link to the previous task), loads a 
new execuQon ^te.;(n«|^cpmrn^rij;;^ fxnci^itl^ ip thj& 
newrtask. kike gates, the task switch operation is Iri- 
voked by execu^ng[i|^;^^-segfii^tJK|(7 qr CALL in- 
struction which refers to ffTask State Segtrreiit (tSS) or 
ta^^te descriptor in the GDT or LDT. An INT n instruc- 
HOn^xception, or external interrupt may also invoke the 
task switch operation By selecting a task gate descriptor 
in the associated IDT descriptor entry. 

The TSS descriptor points at a segment (see Figure 20) 
containing the entire 80286 execution state while a task 
gate descriptor contains a TSS selector. The limit field 
mustbe>002B(H). 

Each task must have a TSS associated with it. The cur- 
rent TSS is identified by a special register in the 80286 
called the Task Register (TR). This register contains a 
selector referring to the task state segment descriptor 
that defines the current TSS. A hidden base and limit 
register associated with TR are,J^f^^ed.^ti^^$^l|^j|^, 
loaded with a new selector. 

IMjfB^telnKtkin i% used to retum controttothe task 
tlMlsal|«idSN»«urrfintl»k or ma inten'upted. Bit 14 In 
tllt,^ fligislar-iscaUed the Nested Task (NT) bit. It 
corrtrols thefunctionoithelRET instruction. If NT = 0, 
the iRETJFistruction performs the regular current task 
i»l»»5 WllW^iilfr. = 1 , IRET performs a task switch op- 
eriEd^ bMk to the previous task. 



When a CALL or INT Instruction initiates a task switch, 
the old and new TSS will be marked busy and the back 
link field of the new TSS set to the old TSS selector. The 
NT bit of the new task is set by CALL or INT initiated teisk 
switches. An Interrupt that does not cause a task switch 
will clear NT. NT may also be set or cleared by POPF or 
IRET instructions. 

The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a 
selector that references a busy task state segment causes 
Exception 13. 

PROCESSOR EXTENSION CONTEXT SWITCHING 

The context of a processor extension (such as the 80287 
numerics procesisor) is not changed by the task switch 
operation. A processor extension context need only be 
changed when a different task attempts to use the pro- 
cessor extension (which still contains the context of a 
previous task). The 80286 detects the first use of a pro- 
cessor extension after a task switch by causing the pro- 
cessor extension not pre^ritexceptkxi (7). The interrupt 
handler may t^jji^^j^^^^ner a CQ|^l^,Ql^uige is 
necessary. 

Whenever the 80286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a pro- 
cessor extension context may belong to a different tsisk 
than the current one. The processor extension not pres- 
ent exception (7) will occur when attempting to execute 
an ESC or WAIT instruction if TS = 1 and a processor 
extension is present (MP = 1 in MSW). 

POINTER TESTING INSTRUCTIONS 

The IAPX 286 provides several instructions to speed 
pointer testing and consistency checM for maintain- 
ing system in^etgrity {§Be^'AiH&-fS^':M(itii^li^c- 
tlons use the mernoryv4i|pRliim^l^lN<^iWaie to 
verify that a selector value refers to an 9^F0griate 
segment without risking an exceptiewii. A oondition 
flag (ZF) indicates whether use of th« se^etor or 
segment will cause an reception. 
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TASK REGISTER 
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TASK tor SELECTOR 



DS SELECTOR 



SS SELECTOR 



CS SELECTOR 



ES SELECTOR 



IP (ENTRY POINT) 



SSF0nCPL2 



SP F0flCPL2 



SS FOR CPL 1 



SP FOR CPL 1 



SS FOR CPL 



SPFORCPLO 



BACK LINK SELECfQI) TO.TSS . 
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TYPE 


DESCRIPTION 


1 


AN AVAILABLE TASK STATE 
SEGMENT MAY BE USED AS 
THE DESTINATXIN OF A TASK 
SWITCH OPERATION. 


3 


A BUSY TASK STATE SEGMENT. 
CANNOT BE USED AS THE 
DESTINATION OF A TASK 
SWITCH. 



BYTE 
OFFSET 
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DESCRIPTTON 


1 


BASE AND LIMIT FIELDS ARE VALID 





SEGMENT IS NOT PRESENT IN 
MEMORY. BASE AND LIMIT ARE NOT 
DEFINED 



CURRENT 

TASK 

STATE 



INITIAL 
STACKS 
FOR CPL 0,1,2 
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Figure 20. Task State Segment and TSS Registers 
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Instruction 


Operands 


Function 


AR^ 

^. 


Selector, 
Register 


Adjust Requested Privi- 
lege Level: adjusts the RPL 
of the selector to the nu- 
meric maximum of current 

eolof^trtr RPI wall lA aniH thA 






RPL value in the register. 
Set zero flag if selector RPL 
was changed. 


1 Venn ■ ■ ~ 




V/PDifu fnr RaoH' Qptc thp 
vcmiy lui nodu. ocio ittv 

zero flag if the segment re- 
ferred to by the selector can 
be read. 


vcnvv 




VPRifw fnr \A/ritp' QptQ thp 
v^niiy vviiic oc^io ii ic 

zero flag if the segment re- 
ferred to by the selector can 
be written. 


LSL 

i 

1 t.> 


Register, 


Load Segment Limit: reads 

thiA ca/^mant limit intrt tho 

Lim boyiimiii iiiiiii iiuu uic 

register if privilege rules and 
descriptor type allow. Set 
zero flag if successful. 


LAR 


Register, 


Load Access Rights: reads 

thA HAsrrintnr arrps^ rinhts 

byte into the register if priv- 
ilege rules allow. Set zero 
flaglfsui;e9^ful. 



DOUBLE WmS /tm SHUTDOWN 

If two separate exceptions are detected during a single 
instruction execution, the 80286 performs the double 
fault exception (8). If an exception occurs during pro- 
cessing of the double fault exception, the 82086 will en- 
ter shutdown. During shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains 
protected mode) or RESET (CPU exits protected mode) 
can toroeto80286c»l^t of shutdown. Shutdown is exter- 
hatiy signalled via a HALT bus operation with iiki^ldKaM. - 

PROTECTED MODE INITIALIZATION 

The 80286 initially executes in real address mode 
after RESET. To allow initialization code to be placed 
at the top of physical memory, A23.20 will be HIGH 
when the 80286 performs memory references 
relative to the CS register until CS is changed. A23.20 
will be zero for references to the DS, ES, or SS 
segments. Changing CS in real address mode will 
force A23.20 LOW whenever CS is used again. The 
initial CS:IP value of FOOO:FFFO provides 64K; byt,es 
of code space for initializatioit c»ilb^tMit i^m^' 
ing CS. 

Protected mode operation requires several regis- 
ters to be initialized. The GOT and IDT base regis- 
ters must refer to a valid GOT and IDT. After 
executing the LMSW instruction to set PE, the 80286 
must immediately execute an intra-segment JMP 
Instruction to clear the instruction queue of insti^tic- 
tions decoded in real address mode. 



a JiVIP instruction with a selector referring to thOj 
initial TSS used in the system. This will load the task! 
register, local descriptor table register, segmenti 
registers and initial general register state. The TR 
should point at a valid TSS since any task switch 
operation involves saving the (iMISpsk state. 
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INTERFACE 



The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists of 
address, data, status, and control signals at the pins of 
the CPU. A system bus is any buffered version of the 
local bus. A system bus may also differ from the local 
bus in terms of coding of status and control lines and/or 
timing and loading of signals. The lAPX 286 family in- 
cludes several devices to generate standard system 
buses such as the IEEE 796 s^uidard jMte 

-B!u6 tnidrf ace Signals Tli 

The lAPX 286 microsystem local tmiiUMsimWfB 
to local memory and I/O components, lire iMsfface has 
24 address lines> \S dam lines, and 8 Status and control 
signals. 

The 80286 CPU, 82284 clock generator, 82288 bus 
controller, 82289 bus arbiter, 8286/7 transceivers, 
and 8282/3 latcties provide a buffered and decoded 
system bus interface.The 82 284 ge nerates the 
system clock and synchronizes READY and RESET. 
The 82288 converts bus operation status encoded 
by the 80286 into command and bus control signals. 
The 82289 bus arbiter generates Multibus bus 
arbitration signals. These components can provide 
-theJiining and electrical power drivq levels required. 
'°:{^li@|^tem businterfaces IncludihgtheMultibus 

Physical lUlemory and i/0 interface 

A maximum of 16 megabytes of physical memory can 
be addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible 
as bytes or words . Words consist of any two consecutive, 
bytes addressed with the least signiffciMipt^ored ir^ 
the lowest address. 

Byte transfers occur on either half of the 1 6-bit local data 
bus. Even bytes are accessed over Dy-o while odd bytes 
are transferred over Di5_8. Even-addressed words are 
transferred over Di5_o in one bus cycle, while odd-ad- 
dressed words require two bus operations. The first 
transfers data on Di5_8, and the second transfers data 
on D7_o. Both byte data transfers occur automatically, 
transparent to sof tware. 

Two bus signals, Aq and BHE, conttol tSiHMfeis over the 
lower and upper halves of the dsAa bus. iVilh address 
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byte transfers are indicated by Aq LOW and BHE HIGH. 
Odd address byte transfers are Indicated by Aq HIGH 
and BHE LOW. Both Aq and BHE are LOW for even ad- 
dress word transfers. 

The I/O address space contains 64K addresses in both 
modes. The I/O space Is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may 
be attached to either the upper or lower byte of the data 
bus. Byte-wide I/O devices attached to the upper data 
byte (Di5_8) are accessed with odd I/O addresses. De- 
vices on the lower data byte are accessed with even I/O 
addresses. An Interrupt controller such as Intel's 8259A 
must be connected to the lower data byte (Dy-o) forpfoper- 
return of the interrupt vector. 



RESET 




Figure 22. 80286 Bus States 



Bus Operation " ' 

The 80286 uses a double frequency system clock (CLK 
input) to control bus timing. All signals on the local bus 
are measured relative to the system CLK input. The CPU 
divides the system clock by 2 to produce the internal 
processor clock, which determines bus state. Each pro- 
cessor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82284 clock generator 
output (PCLK) Identifies the next phe^'Ofths'gmg^isor 
clock. (See Figure 21 .) 
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- ONE PROCESSOR CLOCK CYCLE- 



PHASE 1 
-OF PROCESSOR- 
CLOCK CYCLE 



-ONE BUS T STATE - 



PHASE 2 
-OF PROCESSOR- 
CLOCK CYCLE 



_ ONE SYSTEM 
CLK CYCLE 



Figure 21. System and Processor 
Clocl( Relatlonsliips 

Six types of bus operatlons-are supported; memory read, 
memory write, I/O read, I/O write. Interrupt -ac^htjwl- 
edge, Aha halt/Shut^bWf!. Data c&h be transferred aft a 
maximum rate of one word per two processor clock cycles. 

The lAPX 286 bus has three basic states: idle (T), send 
status (Ts), and perform command (Tc). The 80286 CPU 
also has a fourth local bus state called hold (Tf,). T^ in- 
dicates that the 80286 has surrendered control of the 
local bus to another bus master In response to a HOLD 
reqtie^. 

Each bus state Is one processor clock long. Figure 22 
shows the four 80286 local bus states and allowed 
transitions. 



Bus States 

The idle (T |) state Indicates that no data transfers are 
In progress or requested. The first s0im state (T^ 
Is signaled by status line SI of W^Hf lOW and 
Identifying phase 1 of the processor clock. During 
Tg, the command encoding, the address, and data 
(for a write operation) are available on the 80286 
output pins. The 82288 bus controller decodes the 
status signals and generates (Multibus compatible 
> - read/wri^ cstmtand arid local transceiver control 
signals. 

After Ts, the perform cornmand (Tc) state is entered. 
Memory or I/O devices respond to the bus operation 
during Tc, either transferring read.datfi to ttie CPU or 
accepting write data. Tc states may be repeited as often 
as necessary to assure sufficient time for the memory or 
I/O device to respond. The READY signal determines 
whether Tc is repeated. 

During hold (Th), the 80286 will float all address, data, 
and status output pins enabling another bus master to 
use the local bus. The 80286 HOLD input signal is used 
to place the 80286 into the Tf, state. The 80286 HLDA 
output signal indicates that the CPU has entered T^. 

Pipelined Addressing 

The 80286 uses a local bus interface with pipelined tim- 
ing to allow as much time as possible for data access. 
Pipelined timing allows bus operations to be performed 
in two processor cycles, while allowing each individual 
bus operation to last for three processor cycles. 

Th&tinfilng of the address outputs Is pipelined such that 
the address of the next bus operation becomes available 
during the current bus operation. Or in other words, the 
first clock of the next bus operation is overlapped with 
the last clock of the current bus operation. Therefore, 
address decode and routing logic can opei^te In ad- 
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vance of the next bus operation. External address latches 
may hold the address stable for the entire bus operation, 
and provide additional AC and DC buffering. 

The 80286 does not malntkin the address of the current 
bus operation during all Tc states. Instead, the address 
for the next bus operation may be emitted during phase 
2 of any Tg. The address remains valid during phase 1 
of the first Tp to guarantee hold time, relative to ALE, for 

Bus Control Signals 

The 82288 bus controller provides control signals; ad- 
dress latch enable (ALE), ReadA/Vrite commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write en- 
able, and output enable for memory and I/O systems. 

The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
system CLK period of address hold time from the end of 
the previous bus operation until the address for the next 
bus operation appears at the latch outputs. This address 
hold time is required to support Multibus® and common 
memory systems. 

The data bus transceivers are controlled by 82288 out- 
puts Data Enable (DEN) and Data Transmit/Receive (DT/ 
R). DEN enables the data transceivers; while DT/R con- 
trols transceiver direction. DEN and DT/R are timed to 
prevent bus contention between the bus master, data 
bus transceivers, and system data bus tranceivers. 




Command Timing Controls 

Two system timing customization options, command ex- 
*^?BsM4lWi^S'plW-,^re provided on the iAPX 
286 local bus. 

Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 8086. External logic can con- 
trol the duration of any bus operation such that the op- 
eration is only as long as necessary. The READY input 
signal can extend any bus operation for as long as 
nece^ry. — ■ — '' 

Command delay allows afrttncmBSB'Ofaeidress or write 
(data setuptime to system bus command active for any 
bos o p e ra ti o n by delaying when the system bus com- 
mand beciiMM#aefiW£ CSommand delay Is controlled by 
the 82288 CMD»rM0iif: Ts, the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY 
is HIGH, the 82288 will not activate the command signal. 
When CMDLY is LOW, the 82288 will activate the com- 
mand signal. After the command becomes active, the 
CMDLYinputisnotsanipled. :-iov. n. wiatB-miir . 

When a command is delayed, the available response 
time from command active to return read data or accept 
write data is less. To customize system bus timing, an 
address decoder can determine which bus ope^tipns 
require delaying the command. The CMDLVitn||^c^^ 
not affect the timing of ALE, DEN, or DT/R. 



Figure 23. Basic Bus Cycle 



READ CYCLE N-1 

Tc 



READ CYCLE N 

-Ts Tc- 




Flgure i24. CMDLY Controls and Leading Edge of the Command 



Figure 24 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system CLKs for 
cycle N- 1 and no delay for cycle N . and example 2 shows 
delaying the read command one system CLK for cycle 
N-1 and one system CLK delay for cycle N. 

Bus Cycle Termination 

At maximum transfer rates, the iAPX 286 bus alternates 
between the status and command states. The bus status 
signals become inactive after Tg so that they may cor- 
rec^y sigrel the start of the next bus operation after the 
completion of the current cycle. No external indication of 
Tc exists on the iAPX 286 local bus. The bus master and 
bus controller enter Tc directly after Ts and co ntinue ex- 
ecuting Tc cycles until terminated by READY. 



READY Operation 

The current bus master and 82288 bus controller termi- 
nate each bus operation simultaneously to achieve 
m aximum b us bandwidth. Both are informed in advance 
by READY active which Identifies the last Tc cycle of the 



current bus operation. The bus master and bus control- 
ler must see the same sense of the READY signal , thereby 
requiring READY be synchronous to the system clock. 

Synchronous Ready ^ 

The 82284 clock generator provides HtsAum spSil@) 
nization from both synchronous and^asyndironous 
sources (see Figure 25). The synchronous ceady inputi 
(SRDY) Of the clock generator is sampled with thef aHing- 
ed ge of C LK at the end of phase 1 of each Te- The state<}< 
of SRDY is then broadcast to the bus master and busr- 
controller via the READY output line. en: 

Asynchronous Ready 

Many systems have devices or subsystems that are 
eisynchronous to the system clock. As a result, their ready 
outputs cannot be guaranteed to meet the 82284 SRDY 
setup and hold time requirements. The 82284 asynchro- 
nous ready input (ARDY) is designed to accept such 
signals. The ARDY input is sampled at the beginning of 
each To cycle by 82284 synchronization logic. This pro- 
vides a system CLK cycle time to resolve its value before 
broadcasting it to the bus master and bus controller. 




N OTES: 

1. S RDYEN is active low 

2. It SRDYE N is high, the state of SHOYwill not effect READY 

3. 'i,^H3YEN is active low 
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ARDY or ARDYEN must be HIGH at the end of Tg. 
ARDY cannot be used to terminate bus cycle with 
no wait states. 

Each read y in put of th e 82284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may ter- 
mipat@a t>n^ope>ration. These enable inputs are active 
loMaiad>hil^|i|»6anie tifl^ as Mr respective ready 
inputs. Ad^ii^i<i|eo@tte''lcfiG ueQal^_ seleets w hether 
th e curren t t|us op^£ta Should biDtemasiaitt^i^iffi?'' 
orSRDY. 

;:^H 8«orr»:<ir<3ny3A 
Data Bus Control ^ 

Figures 26, 27, and 28 show how the DT/R, DEN, data 
bus, and address signals operate for different combina- 
tions of read, write, and idle bus operations. DT/R goes 
active (LOW) for a read operaton. DT/R remains HIGH 
before, during, and between write operations. 



The data bus is driven with writ@ii|^<%^^^igf^^||Ppnd 
phase of Tg. The delay in write Aid WittWg^tows the 
read data drivers, from a previous read cycle, sufficient 
time to enter 3-state OFF before the 80286 CPU begins 
driving the local data bus for write operations. Write data 
will always remain valid for one system clock past the 
last To to provide sufficient hold time for Multibus or other 
similar memory or I/O systems. During write-read or write- 
idle sequences the data bus enters 3-state OFF during 
the second phase of the processor cycle after the last 
Tc. In a write-write sequence the data bus does not enter 
3-state OFF between Tc and Tg. 

Bus Usage 

The 80286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extension data 
transfers, interrupt acknowledge, and halt/shutdown. This 
section describes local bus activities which have special 
signals or requirements. 
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HOLD and HLDA 

HOLD and HLDA allow another bus master to gain con- 
trol of the local bus by placing the 80286 bus into the.Jh 
state. The sequence of events requirea to pass control 
'between the 80286 and another local bus master are 
shown in Figure 29. 

In this example, the 80286 is initially in the Th state as 
signaled by HLDA being active. Upon leaving Th, as sig- 
naled by HLDA going inactive, a write operation is started. 
During the write operation another local bus master re- 
quests the local bus from the 80286 as shown by the 
HOLD signal. After completing the write operation, the 
80286 performs one Tj bus cycle, to guarantee write data 
hold tim% IM eriters Tf^ as signaled by HLDA going 
active. 

The CMDLY signal and ARDY ready are used to start 
and sto p the write bus command, resp ectively N ote that 
SRD Y must b e inactive or disabled by SRdYEN to guar- 
antee ARDY will terminate the cycle. 

Instruction Fetching 

The 80286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity is 
.called prefetching. It occurs when the local bus would 
iothilirwise be idle and obeys thefolMfng rules: 



IP 



A prefetch bus operation starts when at least tvwj bytes 
of the 6-byte prefetch queue are empty 

The prefetcher normally performs word prefetches in^ 
dependent of the byte alignment of the code segmen 
base inphy^cal memory. 

The prefetcher will perform only a byte code fetch op 
eration for control transfers to an instruction beginning 
on a numerically odd physical address. 
Prefetching stops whenever a control transfer or HLT 
instruction is decodedJbyiie W mXLplsicsXi into tfw i 
instruction queue. 

In real address mode, the prsfmiMr^ fetch 
to 8 ibjftm beyond the last control transfer or Hi|.T 
instruction In a code segment. 

In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at 
the last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to ex- 
ecute beyond the last full in^ucipn in the coi 
segment. - - 

If the last byte of a code segmei it appears on an eveiji 
physical memory address, the pref^^^f will read thi 
'r)^pfiysrcai~byte of memory (perfOfnita wterd 
fetch). The valUe of this byte Is Ignoi'ed and any at 
tempt to execute it causes exception 13. 
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BUS HOLD 
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NOT READY NOT READY 



IS 



(SEE NOTE 7.) 



DELAY ENABLE 
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NOTES: 

1 . status lines are not driven by 80286, yet remain higti due to pullup resistors in B2288 and 82289 during HOLD state. 

2. Address, M/IO and COD/INTA may start floating during any TC depending on when internal 80286 bus arbiter decides to release bus to 
external HOLD. The float starts in ^.2 of TC. 

3. BHE and LOCK may start floating after the end of any TC depending on when internal 80286 bus arbiter decides to release bus to external 

HOLD. The float starts in (#.1 of TC, ?r'C '8i'i' i .*nei;p9f d: •- ' " 

4. The minimum HOLD to HLDA time is shown. Maximum is one Th longer. 

5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 

6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine status (i.e.. 
Interrupts, Waits, Lock, etc.) 

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state 
is ignored after ready Is signaled via Itw asynchronous Input 



Figure 29. MulUlnis Writ* TormlnatMl by Asynehronoua Raady with Bus Hold 



dresses 00F8(H), OOFA(H), and OOFC(H) which are part 
of the I/O port address range reserved by Intel. An ESC 
instruction with EM = and TS = will perform I/O bus 
operations to oco or moce of these I/O port addresses 



in n 



ESC instructions with memory references enable the 
CPU to accept PEREQ inputs for processor extension 
operand transfers. The CPU will determine the operand 
starting address and read/write status of the instruction. 
For each operand transfer, two or three bus operations 
are performed, one word transfer with I/O port address 
OOFA(H) and one or two bus operations with memory. 
Three bus operations are reijuired for each wprd pjj^r- 
arid aliped 6ri an odd bytSiSldress. 



I fie oufioo local dus is snareo among several Internal 
units and external HOLD requests. In case of simulta ■ 
neous requests, their relative priorities are: 

''. JRglii^QnMiy tolrAei^ which assert EDCR either ex- 
plldtly (via the IjOCK Instrusflon prefix) o 
. implicitly ^(tje^'^mefttttei^rfEt^ access 
interrupt acknowledge seqiiklce, or ai 
XCHGWIthTtiertiory). 

The second of the two byte bus operations 
required for an odd aligned word operand. 



The second or third cycle of a processor 
diMmion data transfer, ' 



Interrui 

Figure 30 illustrates an interrupt acl<nowledge se- — 
quence performed by the 8D286 in response to an tNTR 
input. An interrupt acknowledge sequence consists of 
two INTA bus operations. The first allows a master 8259A 
Programmable Interrupt Controller (PIG) to determine 
which if any of its slaves should return the interrupt vec- 
tor. An eight bit vector is read by the 80286 during the 
second INTA t?us operation to select an interrupt han- 
dler fotfirtef*i#tltt1tMif?tlpttabIi^^^ 

The Master Cascade Enable (MCE) signal of the 82288 
is used to enable the cascade address drivers, during 
INTA bus operations (See Figure 30), onto the local ad- 
dress bus for distribution to slave interrupt controll ers via 
the system address bus. The 80286 emits the LOCK 
signal (active LOW) during Tg of the first INTA bus oper- 
ation. A local bus "hold" request will not be honnred until / 
the end of the second INTA bus operation. 

THrae idle processor cioclts are provided by the 80286 
iie|tween INTA bus operations to allow for the minimum 
INf A to INHKime and GAS (cascade address) out delay 
of the 8259A. The second INTA bus operation must al- 
ways hav e at least one extra Tc state added via logic 
controlling READY. Azs-Aq are in 3-state OFF until after 
the first Tc state of the second INTA bus opieratisnr TMs 
prevents bus contention between the cascade address 
drivers and CPU address drivers. The extra Tc state al- 
lows time for the 80286 to resume drivtaf^llwadelrass'' " 
lines for subsequent bus operations. 



(Lowest) 



Local bus request via IHOLD input 

Processor extension data operand transfer 
via PEREQinputr 

Data transfer performed b^U^s part of ai > 
instruction. 

An Instruction prefetch request from BU. Th^ 
EU will inhibit prefetching two processor 
cloct(s in advance of any data transfers to 
minimize waiting by EU for apraf^ to finish, 



Halt or Shutdown Cycles 

The 80286 externally indicates halt or shutdown condi- 
tions as a bus operation. These conditions occur due to 
a HLT instruction or multiple protection exceptions while 
attempting to execute one instruction. A halt or shut- 
down bus operation is signalled when 5T , 50 and COD/ 
INTA are LOW and M/ID is HIGH. A, HIGH indicates 
halt, and A, LOW indicates shutdo wn The 82288 bus 
controller does not issue ALE, nor is READY required td 
terminate a halt or shutdown bus operation. * 

During halt or shutdown, the 80286 may service PEREdl 
or HOLD requests. A processor extension segment 
overrun ^i&eption'dui'tr^^ shutdown will inhibit further 
service of PEREC. Either NMI or RESET will force the 
80286 out of either halt or shutdown. An INTR, if inter- 
rupts are enabled, or a processor extension segment 
overrun exception will also force the 80286 out of halt. 
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(SEE NOTE 2.) (SEE NOTE 3.) 
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NOT READY HEADY NOT READY READY 



J — V 



■ , V'.' 'I'.i'- iir.!' jfTi'j'i'ii i'=(i:1<i ■■■t 

NOTES: 

1. Data Is ignored. 

2. First INTA cycle should have at least one wait state Inserted to meet 8259A minimum INTA pulse width. 

3. Second iNTA cycle must have at (eas^'dif# «alt sKle li^^njsitl since the CPU will not drive - Ao* BBf , and LOCK until after the first 
restate. ■ ■ ■■' ■ ' ' - -i.-- " ; .i-.-.^. ^''■.:icl'= ( ^ . "-TI ■.i v-.Ti ! ' ■ ■ 

The CPU Imposed ortdfeiock dcily ^«^i«itEi bt» cCfhisr^ betwe<iii'c^(skli "Miatiis^ tMr bi^ dlsdUed l>y MCE I and address 
outputs. ' " ' - 

Without the wait state, the 80286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 
8259A also requires one wait state for minimum INTA pulse width. 

4. LOCK Is active for the first INTA cycle to prevent the 82289 from releasing the bus tjetvreen INTA cycles in a multi-master system. 

5. A23 - Ao exits 3-state OFF during i^p2 of the second Tc in the INTA cycle. _> •, . - 
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SYNC READY - 
ENABLE - 
ASYNC READY - 



so 

ST 
BEJDV 
CLK 



SRO¥ BE! 
SRDYEN 

ARDVEN 

82284 
CLOCK 



I I 
I I 
I I 
I I 
I I 
I I 
I I 




I I 

I I r- 

I I I r 

I I 

' 'JJ. 



■ MEMORY READ 
- MEMORY WRITE 



J 



RESET 


M/IO 




LOCK 


CLK COO/INTJ 


READY 




5T * 


23 -Ao 


SO 

Mui - Bar 


HOLD 




HLDA 




ERROR 




SDSV 


INTR 


PEACK 




PEREQ 


CAP 


80286 


CPU 




D,s- 


Da 



• I/O READ 

- t/0 WRITE 

- INTERRUPT ACKNOWLEDOE 



-M h (UWAMCB) lieMOIlY 

-»l DECODE I- -» AjlD in GHtP SELECTS 
J- I (OPTIONAL) I ! 
^ I 

>■ ■ ■ .'Ci;-. .■« I 



PROCESSOt 

jtOPTIONAL) 

I 

_ J 



PROCESSOR, ' '.I AJviii-i— — .1 ' 
jtOPTIONAL) 




STB 

OS 

8382 
or 8283 
LATCH 



INT 
INTA 

m 

RD 

EN 



D7 

82S9A 



OOREOtBU 



B287 
TRANS- 
CEIVER 



DATA 
BUS 



Figure 31 . Basic iAPX 286 System Configuration 
SYSTEM CONFIGURATIONS 



|T|e «eMiliB im structure of the iAPX 286 microsys- 
tWv*ith iiMll completaent of support chips, allows flex- 

' IMe conf guratlbn of a wide range of systems. The basic 
configuration, shown in Figure 31 , is similar to an IAPX 
86 maximum mode system. It includes the CPU plus an 
8259A interrupt controller, 82284 clock generator, and 
the 82288 Bus Controller. The iAPX 86 latches (8282 
and 8283) and transceivers (8286 and 8287) may be 
used in an IAPX 286 microsystem. ' " ^^ i" 

: AslndK^lE^ js^thd dashed lines in l^gure S^', the ability 

ffilet^^dnis. The processor extension interface 

: and tfian^ data cc»icurrent with CPIJ eKecutiori of dher 
instructions^ Full system integrity is maintaune^ because 
the 80286 supervises all data transfers and instruction 
execution tor the processor extension. 

The IAPX 286/20 numeric data processor which in 
. cludfs the..8Q2a7 .rajawijELpro@s^iLg!cteD^m.(NB^ 

*xj««iiup»« 9eb9l«irorui3A 



uses this interface. The iAPX 286/20 has all the instruc- 
tions and data types of an iAPX 86/20 or IAPX 88/20. 
The 80287 NPX can perform numeric calculations and 
data transfers concurrently with CPU program execu- 
tion. Numerics codeand data have the sameidtegrity as 
all other information protected by the iAPX 286 protec- 
tion mechanism. 

The 80286 can overlap chip select decoding and ad^ 
dress propagation during the data transfer for the.pr^ 
vious bus operation, jhis infQrmatiqri ijs^l^hnu;! jnto thi 
8282/3's by ALE cluring ihe mlddfe'd'a^^l^e:^ 
d '3!l?.t]ft^.9f}iP se#ct,,fj0cl j5c|dr.es?.,in(of37^i^ipmaini 
stable during the bus operation while the next cycles 
.. .address is being decoded and propagated into the sys- 
tem. Decode logic can be implemented with a high speed 
bipolar PROM. 

The optional decode logic shown in Figure 31 tal<es ad- 
vantage of the overlap between address and data of the 
80286 bus cycle to generate advanced menipty and lO- 
__SgiiM-^n,^S, JQjfejntolB&es sy^i^LBiEtemiance 
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SVNC READY 
ENABLE 
ASVHC READY 



1 ,* : 

Kil sr.. 



X<1Ai «fl) bos rneteye auC ■ 
ani yd »9bl^rt^;■tq z' gastioMi 
-nva 3n..n VQ'^R eriT -y. 



FIgyrs SSI. -IMRIBU* Systtfrti Bus Interface 



degradation caused by address propogation and de- 
code delays. In addition to selecting memory and I/O, 
the advanced selects may be used with configurations 
supporting local and system buses to enable the appro- 
priate bus interface for each bus cycle. The COD/INTA 
and M/ID signals are applied to the decode logic to dis- 
tinguish between intemjpt, I/O, code and data bus cycles. 

By adding the 82289 bus arbiter chip the 80286 provides 
a Multibus system bus Interface as shown in Figure 32. 
The ALE output of ttie 82288 for the MuWtHJS bus Is 



connected to its CMDLY input to delay the start of com- 
mands one system CLK as required to meet Multibus 
address and write data setup times. This arrangement 
will add at least one extra Tc state to each bus operation 
which inesthe Multibus. 

A second 82288 bus controller and additional latches 
and transceivers could be added to the local bus of Fig- 
ure 32. This configuration allows the 80286 to support 
an on-board bus for local memory and peripherals, and 
ttie Multibus for sy^m bus interfacing. 
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DATA D,i - Dg 



B2284 
CLOCK 
GENERATOR 



7^ 




a DO CBDO 
16-0 CBIX 



ORAM 

2118, 2164 



STATUS SO, S1. M lO 



LOCAL 
SELECT 



8207 
DRAM 
CONTROL 



7^ 



-J 



T 



- MULTIBUS SELECT 



mpc.wsfct 



^ fj ADDRESS Aij - A„, BHE. LOCK 

"—1/1 



ire 



BgiAle 33. iAPX 286 System Configuration with Dual-Ported Memory 



Figure 33 shows the addition ct-xklai ported dynamic 
memory between the Multibus system fcius and the iAPX 
286 local bus. The dual port Interface is provided by the 
8207 Dual Port DRAM Controller. The 8207 runs syn- 
chronously with the CPU to maximize throughput for lo- 
cal memory references. It also arbitrates between 
requests from the local and system buses and performs 



functions such as r^resh, initialization of RAM, and read/ 
modify/write cycles. The 8207 comtrined with ttie 8206 
Error Checking and Correction memory controller pro- 
vide for single bit error correction. The dual-ported 
memory csnbe combined with a standard Multibus sys- 
tem bus interface to metximize performance and protec- 
tion in multiprocessor system configurations. 
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PACKAGE 

The 80286 is packaged in a 68-pin, leadless JEDEC 
type A hermetic leadless chip carrier. Figure 34 lllus- 
ttrai^ thi lirite^age, and Figure 2 shows the pinoitt^. 



JUUULMJJUULIUUUUUIJIJC 



(20.12) 




.094 

' (2.30) 



.066 
" (1.68) 



{NCHES 
(MILLIMETEflS) 



^ Figure 34. JEDEC type ArFackag»"i .o< If - 
ABSOLUTE NIAXiMUM ilATfN^^^M 



Amblenyj^mperature Under Bias 0°C to 70°C 

Storage Temperature -65°Cto +.15pX 

Voltage on Any Pin with 

Respect to Ground -1.0to+7V 

Power Dissipation 3.6 Watt 



'NOTICE: Stresses above those listed under "Absolute Max- 
imum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may aliBCt device reliability. 



Vo&.=s5V± 10%) 



Symbol 


r= — ^ — ! 1 

Parameter — •) _:; 


MIn. 






Test Conditions 


Max. 


Units 




Input Low Voltage -' 


-0.5 


+ 0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


IOL = 30mA 


VOH 


Output High Voltage 


2.4 




V 


l0H= -400nA 


Ice 


Power Supply Current 




600 


mA 


Ta=25°C 


Ili 


Input Leal<age Current 




±10 


)tA 


OV s V|N s Vcc 


Ilo 


Output Leakage Current 




±10 


V.A 


0.45V s VouT « Vcc 


VCL 


Clock Input High Voltagp 


-0,5 


+ 0.6 


V 




VCH 


Clock Input High Voltage 


3.8 


Vcc + 10 


V 






Capacitance of Inputs 




10 


pF 


fc=1 MHz 


(All input except CLK) 




Co 


Capacitance of I/O or outputs 




pF 


fc = 1 IVlHz 


CCLK 


Capacitance of CLX Input 


1 12 


pF 


fc=1MHz 



80286 Timing Requirements 



Symbol 


Parameter 


MIn. 


Max. 


Units 


Test Conditions 


1 


System clock period 


62.5 


250 


ns 




2 


System clock low time 


15 


230 


ns 


at.eVblts 


3 


System dock high time 


20 


235 


ns 


at 3.2 Veins 


4 


Asynchronous Input setup time 


20 




ns 


See note 1 


5 


Asynchronous Input hold time 


20 




ns 


See note 1 


6 


RESET setup time 


20 




ns 




7 


RESET hold time 







ns 




8 


Read data in setup time 


10 




ns 




9 


Read data in hold time 


5 




ns 




10 


READY setup time 


38.5 




ns 




11 


READY hold time 


25 




ns 


3S! 


12 


STATUS/PEACK valid delay 





40 


ns 


.-.0 1 

1 

Cl = 100 pF max 
at>ove self load 


13 


Address valid delay 





60 


ns 


14 


Write data valid delay 





50 


ns 


15 


Address/Status/Data float delay 





60 


ns 


16 


Hli)A valid delay ' 


0- 


' -'■«»•• 


ns 


822MTimliHI Requirements 


Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


17 


SRDY/SRDYEN setup time 


15 




ns 




18 


SRDY/SRDYEN hold time 







ns 












19 


ARDY/ARDYEN setup time 







ns 


See note 1 


20 


ARDY/ARDYEN hold tirne 


16 




ns 


See note 1 . 


21 

'iamai'iiMi 


. .UliJ.-. ^a-.ll ^_u; <n. ^u^:i] it, 




40 


ns 


Cl= 50 pF 
Iql = 5 ma 

'oh = 



.,rH . 



82288 Timing Requirements 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


22 


CMDLY setup time 


20 










ns 




23 


CMOLYholdttme 







ns 






















Cl = 300 pF max 

Iql = 32 ma max 


24 


Command delay 


3 


15 


ns 












Iqh = - 5 ma max 


25 


ALE active delay 


3 


15 


ns 


Cl = 80 pF max 
Iql - 16 ma max 
Iqh = ~1 ma max 
f:, 


26 


ALE Inactive delay 





20 


ns 


27 


DT/R read active delay 





20 


ns 


28 


DT/R read Inactive delay 


10 


40 


ns 


29 


DEN read active delay 


10 


50 


ns 


30 


DEN read Inactive delay 


3 


15 


ns 


31 


DEN write active delay 





30 


ns 


J2 


DEN write inactive delay 


_ .3 


30 


ns 
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WAVEFORMS (Continued) 



lOmASYNCHRONOUSINPUTSiaNAL'nMING 




ERIK>R,BUSV 
(SEE NOTE 2.) 



aOSW^RESEHNPUT TIMING AND 
SUBSEQUENT PI10CESSK|R CYCLE PHASE 




NOTE 1: When RESET meets the setup time shown, the next CLK 
NOTES: „ , - will Start Of repeat ^Ql a processor cycle. 

1. PCLK Jndiealw which procweof cycle phase will occur on the ^ ijiluilii - .-^ - / //'////////Vy/ " 
next CLK. PCLK may not Indicate the correct phase until the first 

bus cycle is performed. 

2. These inputs are asynchronous. The setup and hold times shown 



assure recognition for testing purposes. 



-7^ff^^g|f«f9fN:^IHNe'HOLD 



BHE,L0CK 

M/IO, 
COO/MT* 



D„ - Ob . 




I (SEE NOTE 2.) 

.^ ;i.^£r:--zr^-.-— - 



1 



i pcu« 

3 



J \ / \ J \ / \ r 



1 . These signals may not be driven by the 80286 during the time shown. The worst case In terms of latest float time it shown. 

2. The data bus will be driven as shown If the last cycle before Ti in the diagram was a write T^. 

3. The 80286 floats its status pins during T„. External pullup resistors (In 82288) Keep these signals high. 

4. For HOLD request set up to HLDA, refer to Figure 29. 

5. 6HE and LOCK are driven at this time but will not become valid until Ts. 
(. TiNf (Ml butwH renwtn In 3-slale OFF If a read cycle Is perfemiad. 
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WAVEFORMS (Continued) 



80286 PEREQ/PEACK TIMING FOB ONE TRANSF^.ONLY 




A23 - Ao 
M/IO 

COD'IRK 



ZXDC 



J~ MEMOl 



I/O HEAD IF PROC. EXT. TO MEMORY 
MEMORY READ IF MEMORY TO PROC. EXT. 



MEMORY WRITE IF PROC. EXT TO MEMORY 
I/O WRITE IF MEMORY TO PROC. EXT 



® 



(SEE NOTE 1.| 



® 



® 



MEMORT ADDRESSIFPneGrEXH^O MEMORY TRANSFER 

l;o POfU ADRRE8iSJ39BM».f MIMORy TO PROC. IW. TRANSFER 



I/O PORT ADDRESS OOFA(H) IF PROC. EXT TO MEMORY TRANSFER 
MEMORY ADDRESS IF MEMORY TO PROC. EXT TRANSFER 



® 



- M/mm/mm/jJMumm///m/m777m 



N OTES: 

1 . PEACK alwaysgoes active during the first bus operation of a processor extension data operand transfer sequence. The first bus opet^inri 1 

will be either a memory read at operand address or I/O read at port address OOFA(H). 

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3X (T) - @ 
-® mill.' The actual, configuration dependent, maximum time is: 3X(T)-(Tl)^„ -(4) + AX2X(T). 

A Is the number of extra Tc states added to either the first or second bus operation of the processor extension data operand transfer 
seqiiertce. - . . » o- ... 



INITIAL 80286 PIN STATE DURING RESET 

BUS CYCtC TYPE 




*23 ~ Ao 



OODi'iNfK^ 



1 y 't^ o\/ 



DATft 



'.0 'luqi 



10 ■'■ii'vnc •! e 



Jl. 



® 



-(SEE NOTE 3.) 
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NOTES: 

1 . Setup time for RESET f may be violated with the consideration that 01 olthe pFQoessofoleGk may begin, one system CLK period later. 

2. Setup and hold times for RESET \ must be met for proper operation. 

3. The data bus is only guaranteed to be 'm 3-atate OFF at ^e 8ms slrawn. 



Ai41 



BYTE 1 BYTE 2 

7654321 076543210 



BYTE4 



































ODE 


d 


w 


m 


ad 


'•9 


Tim 



1—3^ 



r 



LOWDISP/DATA ! HKIH DISP/DATA | 



REQISTER OPERANUmEGISTERS TO USE IN OFFSET CALCULATION 
REGISTER OPERAND/EXTENSION OF OPCODE . <uaia« \ 
REGISTER MODE/MEMORY MODE WITH DISPLACEMBIT LENGTH r 

WORDSYTE OPERATION . ' 

DIReCnON IS TO REGISTER/DIRECTION IS FROM REGISTER 
OPERATION (INSTRUCTION) CODE 



EeORMATEXAMBLE.- 



BYTE 1 BYTE 2 BYTE 3 

765433107654321076543210 



II II 


1 


\ 1 


1 1 










LONGOPCODE " • ■, ^ 









B. LONG OPCODE POTMAT EXAMPLE 



.ihnlXj UnrtT a-i.-,^ 



Figure 35. 80286 Instruction Format Examples 

80286 INSTRUCTION SET SUMMApY ^ 
IfiMU^fiin TMng Notes 

]^-ttMuelfa«i«IOGk-€ouiits listsd-boiow^s^ablisbihe. 
meclMffi ^eoiion rate of the S0286. With no delays In 
c|fcles, the actual clock count of an 80286 program 
jwill atbrage 5% more than the calculated clock count, 
due to instruction sequences which execute faster than 
\hey can be fetched from memory. 

To calculate elapsed times for instruction sequences, 
multiply '^^J"*^ °' ^" instruction clock counts, as listed 
in the tsl^^elow, by the processor clock period. An 8 
MHz Brq^gjjf orclQck ^as a cl ock period of 125 nanosec- 
onds«ncl rB«|uii^ an §0286 system clock (CLK input) of 
16 MHz. 



Instruction Set Summary Noteis '* 

Addressing displacements selected by the MOD field 
are not shown. If necessary they appear after the in- 



Instruction Clock Count Assumptions 

1 . The instruction has been prefetched, decoded, and 
is ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 

I priepare the next instruction for execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transfer or 
local bus HOLD requests. 

A. No exceptions occur during instruction execution. 



Above/below refers to unsigned value .y,. 
Greater refers to positive signed value ^ 
Les& refers positive i(more4tiegi#t^f%cieil^es 
if d = 1 then to register; if d = then from register 
if w = 1 then word instruction; if w = then byte 
instruction 

ifs = then 16-bit immediate data form the operand j 
if s = 1 then an immediate data byte is sigri-^!$tendec 
to form the 1 6-bit operand 
X don't care - - 

z used for slrtr^-prtmltlvws' for corrfaaflsflW with ZfI 

If two clock counts are given, the smaller refers to a reg- 
ister operand and the larger refers to a memory operand 

* = add one.,g^g^if offset calculation reqyips sum: 

ffling-S^tenwrtls 

n = number of times repeated i 
m = numberof bytes of code in next instruction ! 
Level (L) — Lexical nesting level of the procedure 
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The following comments describe possible exceptions, 
side effects, and allowed usagejfbr instructions in both 
operating modes of the 80286. 

REAL ADDRESS MODE ONLY 

1. this is a protected mode instruction. Attenipted ex- 
ecution ip real address mod0 wili result in an unde- 
fined opcod^ exception (6). ' 

2. A segment overrun exception (13) will occur if a word 
operand reference at offset FFFF(H) is attempted. ^ • 

3. this instruction may be executed in real address..' 
mode to initialize the CPU for protected mo de, t '^^ 

4. The lOPL and NTfieids will remain 0. 

5. Processor extension segment overrun interrupt (9) 
will occur if the operand exceeds the segment limit. 

'i I ' 

EITHER MODE 

6. An exception may occur, depending on the value of 
the operand. 

7. LOCK is automatically asserted regardless of the 
presence or alisence of the LOCK in^Ni^Qinip|M^: 



8. LOCK does not remMi acthk between all operand 
1 hinsfers. e 

PROTECTED VIRTljAL koDRE^ MODE ONLY 

'9. A general protection exception (13) will occur if the 
memory operand can not be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 

10. Fbr segment load operations, the GPL, RPL, and 
i PPL must agree with privilege rules to avoid an ex- 
ception. The segment must be present to avoid a 



11. 
12. 

14. 

16. 



not-present exception (11 ). If the SS register is the 
destination, and a segment not-present violation 
occurs, a stack exception (12) occurs. 
All segment descriptor accesses in the GOT or LOT 
made by this instruction will autorpeiyailly assert 
LOCK to maintain descriptor integrity in multipro- 
cessor systems. 

JMP, CALL, INT RET IRET instructions referring to 
another code segment will cause a general protec- 
tion exception (13) if any privilege rule is violated. 
A general protection exception ft3) occurs if CPL 
■* 0. 

A geheral protedlon exception (13) occurs If 
CPL > lOPL. 

The IF field of the flag word is not updated if 
CPL > iOPL. The lOPL field is updated only If 
CPL = 0. 

Any v^latlon of privilege rules as applied to the se- 
eause a protectionexception; 



rather, the Instruction does not return a result and 
the zero flag is cleared. 

1 7. If the starting address of the memory operand vio- 
lates a segment limit, or an invalid access is at- 
tempted, a general protection exception (13) will 
occur tjefore the ESC instruction is executed. A stack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand's starting address. If 
a segment limit is violated during an attempted data 
transfer then a processor extension segment over- 
run exception (9) occurs. 

18. The destination of an INT, JMP, CALL, RET or 
IRET instruction must be in the defined limit of 
a code segment or a general protection excep- 
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80286 INSTRUCTION SET SUMMARY 



! , 








CLOCK COUNT 


COMMENTS 




FORMAT, 

, ^: ..j V 






Real 
Address 
Mode 


Protected 
Virtual 

Address 
Mode 


Real 
Address 
Mode 


Protacted 
Virtual 
Address 
Mode 


DAmTIUUiSPER 
ll«W=Mow; 




■ 


-xe bafqnvi,.'/'. 










Register to Register/Memory 


|1 1 w 1 


mod reg r/m | 




2,3- 


2,3- 


2 


9 


Register/memorv to register 


|1 1 1 w 1 


mod reg r/m | 




2,5* 


2.5* 


2 


9 


Immediate to register/memory 


|1 1 1 1 w 1 


mod 000 r/m | 


data 1 datalfw=l | 


2,3* 


2,3* 


2 


9 


Immetliate to register -J 


1 1 1 1 w reg | 


data 1 


dataifw«1 1 


2 


2 








|1 1 w 1 


addr-low 1 


addf'htgli. | 


5 


5 


2 


9 


Accumulator to memory 


|1 1 1 w 1 


addr-low | 


ad()isJiljh.oi.',|ij;'', .t.,, -,.. -. 


3 


3 


2 


9 


Register/memory to segment register 


|1 00 1 1 1 «J 


mod reg r/m | 




2,5* 


17,19* 


2 


9,10,11 


Segment register to register/memory 


|1 1 1 1 


mod dreg r/m | 




2,3* 


2,3* 


2 


9 


PUSH = Pinli: 
















Memory. iiiCiQ ;:; , .^lif J i. 


M 1 i 1 1 1 1 1 1 


mod 110 r/m | 




5- 


5* 


2 


9 


Register 


|0 1 1 reg | 






3 


3 


i 


9 


Segmentregister ■ .. "jjvr-j ^ 


|0 neg 1 1 | 






- - ; -3 


3 


2 


9 




3 


3 


■ ■ '« 


9 




-:or, - 
















lilMaBIMIMiCTll 


'-'HH 




Si 


17 


2 




POP = Pop: 
















Memory 


|1 1 1 1 1 1 


modOOO r/m | 




5- 


5* 


2 


9 


Register 


|0 1 1 1 reg | 






5 


5 


2 


9 


Segment register 


|0 reg 1 1 1 | 


(reg* 01) 


5 


20 


2 


9,10,11 


























19 




9 


XCHG = Eicllinge: ' ^' 












: T 




Register/memory witti register 


|1 1 1 w 1 


mod reg r/m | 




3.5- 


3,5* 


2,7 


7,9 


Register witti accumulator 


|1 D 1 reg | 






3 


3 






IN = Input from: 
















Flxedporl • ' ^ ■ 


|1 1 1 1 wj 


T-^nT 1 


s biovs or \n»>m^ 


5 


5 




14 




h i-WTfwl 




5 


5 




14 


OUT = omiwk 
















Fixed port 


|1 1 1 1 1 w i 


port 1 




3 


3 




14 


Variable port 


|1 1 1 1 1 1 w 1 






3 


3 




14 


XLAT = Translate byte to AL 


|1 10 10 11 1 1 






5 


5 




9 


LEA = Load EA to register 


|1 1 1 1 1 


mod reg r/m | 




3- 


3* 






LOS B Load pointer to DS 


|1 1 1 11 


mod reg r/m I 


(mod * 11) 


V 


21* 


2 


9,10,11 


l^-LmdpiMrtoES 


|1 1 1 1 


mod reg r/m | 


(mod* 11) 


T 


21* 


2 


9.10,11 


LAMP = Load AH vttti flags 


|1 1 1 1 1 1 1 






2 


2 






SAHF = Store AH into flags 


|1 1 1 1 1 1 






2 


2 






PUSHF^Push flags 


|1 1 1 1 1 






3 


3 


2 


9 


POPF = Pop Hags 


|1 1 1 1 1 1 






5 


5 


2,4 


9,15 



^^ged areas indicate instructions notavaliable in iAPX 86, 88 microsystems. 
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lAPX 286/10 



80286 INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 



FORMAT 



CLOCK COUNT 



Address 
Mode 



Protected 
Virtual 
Address 
Mode 



COMMENTS 



Real 
Address 
Mode 



Protected 
Virtual 

Address 
Mode 



MUTHMETIC 
ADD = Add: 

Reg/memory with register to eitlier 
Immediate to register/memory : . 
immediate to accumulator 

ADC = Add with nity: 

Reg/memory witli register to either 
Immediate to register/memory 
Immediate to accumulator 

INC = Incroimnt; 

Register/memory 



SUB - SnUncI: 

Reg/memory and register to either 

Immediate from register/memory 
Immediate from accumulator 

SBB = Subtract vflth borrow; 

Reg/memory and register to either 
immediate from register/memory 
immediate from accumulator 



DEC = D 

Register/memory 



CMP= 

Register/memory with register 
Register witli register/memory 
Immediate with register/memory 
Immediate with accumulator 
NEG = Change sign 
AAA = ASCI I adjust tor add 
DAA= Decimal adjust for add ' 
AAS = ASCII adjust for subtract 
DAS = Decimal adjust for subtlget 

MUL = Multiply (unsigned): 
Register-Byte 

Register-V«)W t c 

Memory-Byie 

Memory-Word 

IMUL = Integer multiply (signed): 

Register-Bytt 

Reglstar-V«4«) 

Memory-Byie 

Memory- Word 



Dm=Di«liM(uni{aiMd|: 
Reglster-Byi ■'- 
Register-Wlbtd 
Memoiy-Byti 
Memoiy-Word 



d w 



1 s w 



In tto iTw 



10 1 dw 



|i o;o oTw 
|o iti 



|i 1 1 1 1 1 Tw 



|o 1 m 



|0 1 1 d w 



1 OOOOOsw 



|0 1 1 1 w 



|0 1 1 d w 



1 1 oTw 



|0 0C|1 1 



1 w 



1 1 1 1 1 1 1 w 



[01001 reg 



1 1 1 1 w 



|0 1 1 1 w 



|t OOOOOsw 



|0 1 1 1 1 w 



[1 



1 1 1 1 1 w 



10 110 iTT 



|o 1 iTT 



|o i:i 1 i~ 



10 111 1 



mod reg r/m 



mod 000 r/ra 



datalfsw=Ol 



d»la I dataHw~ 



mod reg r/m | 



modOlO r/m | data | dataitsw=01 | 



data dataifw-1 



I 



modOOO r/m~| 



mod reg r/itt '| 



mod 101 r/m I 



I dataifsw=01 



aifw=1 I 



mod reg r/m | 



modOII r/m | data ' | dataif5w=01 | 



dau I d«aifw=1 ~| 



modOOl r/tH: | 



mod reg r/m 



mod reg r/m 



mod 111 r/m 



I datailw=1 I 



I dateHsw=01 | 



mod 011 r/m 



Mb 



|1 1 ij^-ftLpF.j|^|j^l00 r/m 



Q r bont f \ 



1 1 1 1, 1 1 1 w I mod 1 1 r/m 



.amsfeyeoiaiiTi 88 ,d8 X"^! ni sldelisve : 



2,7- 
3,7' 
3 

2,7' 
3,7* 
3 

2,7* 
2 

2,7* 

3,7- 

3 

2,7- 
3,7- 
3 

2,7* 
2 

2,6* 
2,7* 

3.6* 
3 
2 
3 
3 
3 
3 



13 
21 
16* 
24* 



13 
21 
16* 
24* 



14 
22 
17* 
25* 



2,7* 
3,7* 
3 

2,7* 
3,7* 
3 

2,7* 
2 

2,7- 
3,7* 
3 

2,7* 
3,7* 
3 

2,7* 
2 

2,6* 

3,6* 
3 

■7" 
3 
3 
3 
3 



13 
21 
16* 
24* 



13 
21 
16* 
24* 

21,24- 



14 
22 
17* 
25" 



{ign^nll ' 
2 



9 



2,6 
2,6 



6 

6.9 



Shaded areas indicate instructions notawafljrisie in lAPX 86, 88 micFOsystems. 



A-45 



FUNCTION 



FORMAT 



Real 
Address 
Mode 



Protected 
Virtual 

Address 
Mode 



liUMIIItlllft 

Real 
Address 
Mode 



ARITHMETIC (Cominuad): 
IDIV = Integer divide (signed): 
Register-Byte 
Register-Word 

Memory-Byte ' 
Memory-Word 

AAM = ASCII adjust lor multiply 
AAD= ASCI I adjust tor divide 
GIW= Convert byte to word 
CWD=Coiwp(t«nntto|kMH»««drt i 
LOGIC 

Shiit/Rotatelnstructioin: 

Register/Memory by 1 

Register/Memory by CL 



|1 1 1 1 1 1 w I mod1~ 



|1 1010100|00001010| 
|1101010 1|00001010| 

I' 1 1 I 



|i 1^ 1 1 g 1 1 



1 1 1 1 w I mod TTT r/m~ 

1 1 1 1 1 w I mod TTT r'm " 



TTT Instruction 





1 

1 

1 1 

1 
1 1 

1 1 1 



ROL 
ROR 
RCL 
RCR 
SHL/SAL 
SHR 
SAR 



fleg/ineinory and register to eittwr 
Immediate to register/memoiy 

Immediate to accumulator 

TEST=And lunctlon to flags, no result: 

Register/memory and register 

Immediate data and register/memory 
Immediate dala and accunnilaliic I 

n=Or 

Reg/memory and register to eittier 

Immediate to tegistet/memory 
Immediate to accumulator 

XOR=Eml«inor 

Rag/memory and register to either 

Immediate to registef/mtniory 
Immediate to accumulator 
NOT= Invert register/memory 

I 

SniNG MANIPULATION: 
MOVS = Move byte/word 
CMPS = Compare byte/itford 
SCAS-Scaibytt^WDKll 
LODS - Load byte^rd to AL/AX 
8TDS = Stor byte/vid from AL/A 
i|t«fl^ tytiM fnati OX port 



\) 1 1 w 



1 d w 



1 0' 



1 1 w 



1 10* 



1 1 1 1 1 1 w 



1 d w 



v» 



1 1 w 



1 1 d v> 



1 w 



1 1 1 w 



1 1 1 1 1 1 w 



1 1 1 w 



1 ^ 1 1 w 



1 1 I 1 w 



1 1 1 f w 



modreg r/m 



modi 00 r/m 



daa 



mod reg r/m 



mod 000 r/m 



mod reg r/m 



mod 001 r/m 



mod reg r/m 



mod 110 r/m 



datailw= 



daBI<w=l 



dataifw=1 I 



dalaHw-i 1 



I m i f C .•imn | « I ' 



17 

25 
20- 
28- 
16 
14 

2 

2 



2,7' 
5+ilJtC 



data I dalaifw-1 | 



2.7- 
3.T- 

3 

2,6- 
3.6- 
3 

2.7- 
3,7' 
3 

2,7- 
3,7- 

3 
2,7- 



7 
5 
3 
5 

J. 



17 
25 
20- 
28- 

16 
14 
2 
2 



2,7* 

5-n,8-r' 



2,7- 
3.7- 
3 

2.6* 
3,6- 
3 

2,7- 
3,7' 
3 

2.7- 
3.7' 

3 
2.7' 



6 
6 

2.6 

2,6 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

1 <i I Jj; I i_£ !_ 



iAPX286/10 



Mimii!a©ii aii«aiF©^iiM}ropKi 



80286 INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 



STRING MANIPULATION (Continued): 

Repeated by count in CX 



Rul 



CLOCK COUNT 



Protected 
Virtual 
Addrest 
Modi 



COMMENTS 



Reel 
Addnet 



MOVS = Move string 


|1 1110 1 





1 1 1 w| 


CMPS = Compare string 


|1 1110 1 


z 


1 1 1 1 w| 


SCAS = Scan string 


|1 1110 1 


z 


1 1 1 1 1 w| 


LOOS = Load string 


|1 1110 1 





1 1 1 1 w| 


STOS = Store string 


|1 1110 1 





|1 1 1 1 w| 




|1 1 t 1 01 





|0 11 11 Owl 



OtflS- 

CONTROL TRANSFER 

CALL = Call: 

Direct wtttlin segment 

Register/memory 
Indirect within segmeAt 
Directimmajoment 



1 lU-ttOHH.Ata.lJta.t 



1 1 1 1 1 1 ilisp-low I disp-liigli ~1 
|1 1 1 1 1 1 T 1 I modOlO rrni | --T;'"—- 

|1 q 1 1 1 I segmentoffset ~| 



segment seleclor 



Protected Mode Only (Dlnd MtiMimanI): 

Via call gate to same privilege level 

Via call gate to dilterentpiiwlege level, no patametets 

Via call gate to different privilege level, x parameters 

ViaTSS 
Via task gate 



Indirect intersegment 



|1 1 1 1 1 1 1 1 I modOl 1 urn \ (mod * 11) 



Protected Mode Only (Indirect Intersegment): 

Via call gate to same privilege level 

Via call gate to different privilege level, no parameters 

Via call gate to different privilege level , x parameters 

ViaTSS ;. , 

Vlataslt!^ 

lump: 



110 10 1 1 



|i 1 1 1 oTT 



Shon/long 

Direct within segment 
Register 'memory indirect within segment [11111111 

Direct intersegment 



|1 110 10 1 



Protected Mode Only (Oirect intenegment): 

Via call gate to same privilege level 

ViaTSS 

Via task gate 



disp-low 



disp-low I i«8p-Mgli 



mod 100 r/m j 



segment oflset 



s^nmitsetectof 



Indirect intersegment 


111111111 


modi 01 r/m | 


(mod * 11) 


Protected Mode Only (Indirect Intersegment): 
Via call gate to same privilege level 
ViaTSS 
Via task gate 






RET = Relum iTOni CMl: 








Within segment 


1 1 1 1 1 






Within seg adding Immed to SP 


1 1 1 1 


data-low 1 


data-high 


Intersegment 


1 10 10 1 1 1 






Intersegment adding Immediate to SP 


1 10 10 1 1 


Cala-low 1 


data-high 



Protected Mode Only (RET): 
To different privilege level 



5 + 4n 
5 + 9n 
5+8n 
5 + 4n 
4 + 3n 
S+4n 



7 + m 
7+iii,11+in' 



7+m 
7 + m 

7+m,11 + m* 

11 +m 



11 + m 
11 +m 
15 + m 
15 + m 



5 + 4n 
5 + 9n 
5 + 8n 
5 + 4n 

4 + 3n 

5 + 4n 
5+4n 



7 + m 
7+m,11 + m' 



K+m 
86+4i(+m 

177+ m 
182+111 



»3-ii- 

180 ♦m' 
185 + m' 



7+jl 
7 + m 

7*m.11 -m" 

23 + m 



175- m 
180»m 



41 +m- 
178 *m' 
183 ♦Bi- 



ll +m 
11+m 
25 + m 



2 

2.8 
2,8 
2.8 
2.8 
2 



2 

2,8 



Shaded areas indicate instructions not 8vailat>le In iAPX 86, 88 rnicrosystsms. 



lAPK 286/10 



80286 INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 



FQRMkT 



CLOCK COUNT 



Rul 
Addrasi 



Protected 
Virtual 

Addrete 
Mode 



COMMENTS 



Real 
Address 
Mode 



GOHTmN.nUHISFER (CoMlmed): 

JE/JZ^jMpogagoiani 
JL/JN6E=Jlifiip on less/not gitater or iqud 
JLE/JNG - Jump on less or equal/not gmler 
J8/JNAE - Jump on Oelow'not above or equal 
JBL'JNA = Jump on t>eiow or equal not abow 
JP/JPE = Jump on panty/parity even 
JO^Junponowllow 
JS- Jump on sign 

JNE/MZ - Junponnolequalinotzero 
JNL/JGE - Jimo on not less greater or equal 
JMLEyJG = Jump on noi less or equal greater 
JNB/JAE = Jump on not belowiabove qi oqual 
JNBE/JA = Jump on not Oelovi or equakatove 
JNP/jro=Juiiipoiiralpirlp)rodil 
JNO^JimfCiinoloKdln 
JIIS = Jump on not sign 
LOOP = Loop CX limes 
LOOPZ/LOOPE = LoopaMleMiquai 
LOOPNZ/LOOPNE = Loop wnile notaifo'equal 
JCXZ=JiifflpqiiCXno 



BTTEA = Enter Procedure 

L = 
L»l 
L>1 

WTO = Interrupt on overflow 



|0 1 1 1 1 O" 



|0 1 1 1 1 1 oT 



|0 1 1 1 1 1 TT 



|0 1 1 1 1 



1110 110 



11110 10 



|o 1 1 1 oT 



|o 1 1 1 1 oT 



1110 10 1 



|o 1 1 1 1 iTT 



1111111 



10 1110 oTT 



1110 11 1 



10 11110 11 



|0 1 1 1 1 



|0 1 1 1 1 1 



|i 1 1 1 



1 1 1 1 



|1 1 1 



1 1 1 1 1 



disp 



disp 



disp 



disp 



disp 



disp 



disp 



disp 



disp 



disp 



disp 



mi O'O lMir ! ' ' ' 
I r 



' disp 



disp 



disp 



disp 



disp 



|1 1 Oe 1 9 91 dalMair t mm T 



M 10 1 ooTi 



|1 10 110 11 



type 



1 1 1 1 1 I I i -i! : 'i 



|1 10 1110 1 



IMachd Mode Only: 

Via interrupt or trap gate to same privilege levet 
Via interrupt or trap gate to fit different privilege level 
Via Task Gate 



IRET" Interrupt return 1 1 1 1 1 1 1 | 

ProtadidModaOiilr 

To different privilege level { | 

Todilferenttasl((NT'l) | { 

MWB-DaMvtfiMOUtoliaiige |0 1 1 1 0[ madl«B~Hiir 



7 + mor3 
7 + mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7 + mor3 
7 + mor3 
7+mor3 
7+mor3 
7+mor3 
7 + mor3 
7+mor3 
7 + mor3 
7 + mor3 
7 + mor3 
8+mor4 
8+mor4 
8+nior4 
8+mor4 



11 
15 

1«+<(1-1| 
5 



23 + m 

23 + m 

24*mor3 
13 lino 
internrpil 



13' 



Shaded areas indicate instj;.uctions not avaliable in iAPX 86, 88 microsystems. 



n 



7+ m or 3 
7 + mors 
7+mor3 
7 + mor3 
7 + mor3 
7+mor3 
7+mor3 
7+ m or3 
7+mor3 
7 + mor3 

7 + mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 
7+mor3 

8 + mor4 
8 + mor4 
8 + mor4 
8 + mor4 



11 
15 

lll*<(L-t) 
5 



,3 he 
inlerruptl 

40 + m 
78 + m 

167-01 

31 + m 



55 + m 
169+m 



13" 



srrteleyaoiofm 88 ,d8 X9Ai nl atciBiisve ion snortouvan 



2.8 
2.8 
2.8 
2.8 



2,7.8 
2.7,8 
2.6,8 



2,6 



rujiitoik"'! 

jnriv.i , 



^iimiM©! D[KlF@l^li!SlMD@0!il 



80286 INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 



FORMAT 



CLOCK COUNT 



Real 
Address 
Mode 



Protected 
VMual 
Address 



COMMENTS 



Real 
Address 



Protected 
Virtual 
Address 



PROCESSOR COmROL 

CLC = Clear carry 

CMC = Complement carry 
STC = Set carry 
OLD = Clear direction 
STD= Set direction 
CLI= Clear Interrupt 
STI= Set Interrupt 
HLT-Halt 
VWIT = Walt 
LOCK = Bus lock prefix 



|1 1 1 1 1 1 
|1 1110 10 11 



1 11110 1 



DIS.i iv." ' 



|1 1 1 1 



1111111 oT| - 

ji 11110 iTi ^a fO! 

1111110 iT| 

|1 1110 10 1 



|1 1 1 1 1 I 
|1 1 1 1 1 



pProcessor Extension Escape 1 1 1 1 1 T T T | mod LLL r/m 



(TTT LLL are opcode to processor extension' 



SEG = Segment Override Prefix 
PROTECTION CONTROL 
LSBT • MgliMikstfiMDrtdilet«(tder 

SfiMo^lllMMpMiknW 
tWo MIMO^telttf lAtft^sttt 
W)T?SMtiiiMwli)csi»0ifWgia$sier 
ILDT- MUtH'ikwiitti table rejislK 

ftosfs^stereninofy 
sun - SMMdntpriM rigiik 



|001 reg 110 



|a 00111 i|oottoooo 



|ttaoiii i|ooDsoeo 



|e 00 a 1 1 I t 1 1 



|0 00811 illOOOOOOOl 



|0 000111 1|00»90000 



un-Mtttipa- 

taingMMMmy 

to register TOmory 

LMMM-mtmMmstaisnrt : 
tniitgMerMnieiy 

:iWt MIMNpsM ^Megeieni: 
Wmregister'RWiisrif 

VHUI - Itntrnmcces n;iain<i|in)i) 



[eoooiiii|oo(>80oo o 



|0 000111 iioooooooo 



looaoiiiitoooooooo 



fo 808 1 11 ileosoeooi 



|a 000111 H0000B00 1 



|0 000111 It 00000010 



|0 1 1 1 1 1 001 1 



I 1 1 oTT 



00000000 



ModOOO r/m 



fl»4001 r/m 



mod 010 r 



mono 00 tim 



nwdt^ r/m 



mod reg r/m 



nmdreg tim 



mod 100 rm 



Shaded areas indicate instructions not available in lAPX 86, 88 microsystems. 



2 

2 
2 

2 
2 
3 
2 
2 
3 


9-20' 



11' 
11* 
12- 
12* 



3,8' 
2,3* 



2 
2 
2 
2 
2 
3 
2 
2 
3 


9-20- 



11* 

11* 
12- 
12* 

17,19« 
2,3' 

17,19* 

2,3* 

3,6* 
2,3* 



5.8 



2,3 
2,3 
2.3 

2.3 

1 
1 
1 
1 

2,3 
2 3 



14 
14 

13 

14 

•1 

8.17 



9,13 

9 
9,13 

9 

9,11,13 



9,11 13 

9 

9,13 
9 

• '6 

9,11.16 




a? 

8G 



A-49 



The effective Address (EA) of the memory operand is 
^mputed accordingjQ thp mod ^d r/m fields: 



)thpr 



REG is assigned aocwriing to the following tai^: 



If mod = 11 then r/m is treated as a REG field 

If mod = 00 then DISP = 0*, disp-low and disp-high 

^absent 

if mod = 01 then DISP = disp-low sign-extended to 

1 6-bits, disp-high is absent 

if mod =- jlQtheriiOISP ^di^hlgh: disp-low 

If r/m = ODOthenEA = (BX) + (SI) + DISP 
If r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 01 then EA = (BP) + (SI) + DISP 
if r/m = 01 1 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
If r/m =111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

'except if mod = OO andr/tn = 110 then EA = disp-high: disp-low. 



. 16-Bit (w = 1) 

000 AX 

001 CX 

010 DX 

011 BX 

100 SP 

101 BP 

110 SI . 

111 DILU 

r.— 



8-Bit (w = 0) 

000 AL 

001 CL 

010 DL 

011 BL 

100 AH 

101 CH 
_-11Q.DH 

j:_ll1iiBH 



Mm) : 

tn»j-.i.o 



The physical addresses of all operands addi'essed by 
the BP register are computed using the segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the Dl register) are computed using the ES 
segment, which may not be overridden. 



SEGMENT OVERRIDE PREFIX 

|0 1 reg 1 1 6] 

reg is assigned according to the following: 



reg 

00 
01 

10 

11 



Segment 
Register 

ES 
CS 
SS 
DS 



.emeiayaoioifn 88 ,38 X=(AI ni e'dfilisvs ion s. 'Oi? u vzr.' 



ma. 



80297 . 
80-Bit HMOS 
NUMERIC PROCESSOR EXTENSI^ 



High Performance 80-Bit internai 
Architecture 

itnpiements Proposed IEEE Flpiitljtip. 
Point Standard 754 



Expands iAPX 286/10 Datatypes to 
Inciude 32-, 64-, 80-Bit Floating Point, 
32s 64-Bit Integers and 18-Digit BCD 
Operands 
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Mechanisms ' | 
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The Intel* 80287 is a high performance numerics processor extension that extends the iAPX 286/10 
architecture with floating point, extended integer and BCD data types. The iAPX 286/20 computing system 
(80286 with 80287) fully conforms to the proposed IEEE Floating Point Standard. Using a numerics 
oriented architecture, the 80287 adds over fifty mnemonics to the iAPX 286/20 instruction set, making the 
iAPX 286/20 a complete solution for high performance numeric processing. The 80287 is implemented in 
N-channel, depletion load, silicon gate technology (HMOS) and packaged in a 40-pin ceramic package. 
Th^ iAPX 28^20 is, object code compatible with the iAPX 86/20 and iAPX 88/20. 
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Figure 1. 80287 Block Diagram 
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Figure 2. 80287 Pin Conflguration 
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Table 1. BQ287 Pin Description 



Symbols 


Type 


T * TT^K^ 

Name and Function 


CLK 


1 


Clock input: this clock provides the basic timing for internal 80287 opera- 
tions. Special MOS level inputs are requlrj^d. J|ie 82284 or^t^j^j^ CLK 

outputs are compatible to this input. 


CKM 


1 


Clock Mode signal: indicates whether CLK input is to be divided by 3 or 
used directly. A HIGH input will select the latter option. This input may be 
connected to Vqq or Vss appropriate. This input must be either HIGH or 
LOW 20 CLK cycles before RESET goes LOW. 


-T T ^ 


. ..'A 


System Reset: causes the 80287 to immediately terminate its present ac- 
tivity and enter a dormant state. RESET is required to be HIGH for more than 
480287 CLK cycles. For proper Initialization the HIGH-LOW transition must 
occur no sooner lhan 50 /as after Vcc and CLK rtieet their D.C. and A.C. 






Data: 16-bit bidirectional data bua'ni|^iis to these pins may be applied 

asynchronous to the 80287 clock. 


BUSY 





Busy status: asserted by the 60287 to indicate that it is. currently executing 
a command. ^ 






Error status: reflects the ES bit of the statii^:yt((^ii¥hi^ ^ignf^^ 

that an i inmaclfoH orrr\r f'AnHitir^n ovictc 
iiidi all uiiiiicioKcLi eifUl uuiiuiiiuii caioIo. 


PEREQ 




— . 


Processor Extension Data Channel operand transfer request: a HIGH on 

thiQ niitniit inHinatoQ that thc^ RC\0fK7 iq roaHu trt trancf or Hata PF R FO u/i II ho 
iiiio uui|JUi iiiuiOdLco Liidi iiic o\Jc,o 1 lo 1 cduy ikj iidiiaici udid. n t Vjc win uks 

disabled upon assertion of PEACK or upon actual data transfer, whichever 
occurs first, if no more transfers are required. 


PEACK 


1 


Processor Extension Data Channel operand transfer ACKnowledge: ack- 
nowledges that the request signal (PEREQ) has been recognized. Will 
cause the request (PEREQ) to be withdrawn in case there are no more 
transfers required. PEACK may be asynchronous to the 80287 clock. 


NPRD 


1 


Niimprir Pme^e^^^ciT Rp3rl' Pnahlp^ trfln<;fpr nf f1pt3 frnm thp ftflPfty ThiQ 

l^Ulll^lll.y T 1 \J\j^ 1 IICOVJ. ^IIOI../ICO llClllOld \Ji UulO lll_flll LIIC • 1 IIIO 

input may be asynchronous to the 80287 clock. 


NPWR 


1 


Numeric Processor Write: Enables transfer of ct^ta4«»-the 80287. This input 
may be asynchronous to the 80287 clock. 


NPSa^.NPS2 

i'j»V 

«« 

>« 


1 


Numeric Processor Selects: indicate the CPU is performing an ESCAPE 
instruction. Concurrent assertion of these signals (i.e., NPS1 is LOW and 
NPS2 is HIGH) enables the 80287 to perform floating point instructions. No 
data transfers involving the 80287 will occur unless the device) is selected. 
These inputs may be asynchronous to the 80287 clock. 


CIVID1, CMDO 


1 

- .; ( r 


Command lines: These, along with select inputs, allow the CPU to dirfCt the 
operation of the 80287. No actions will occur if these signals are IdHH HIGH. 
These inputs may be asynchronous to the 80287 clock. 



a. 
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Table 1. 80287 Pin Description (cont.) 



Symbols 


Type 


Name and Function 


CLK286 


1 


CPU Clocl<: This input provides a sampling edge for the 80287 inputs ST, SO, 
COD/INTA, READY, and HLDA. It must t}e Connected totheoOZooCLK input. 


S1, SO 
COD/INTA 


1 


Status: These inputs allow the 80287 to monitor the execution of ESCAPE 
instructions by the 80286. They must be connected to the corresponding 
80286 pins. .( -i - 


HLDA 


1 


Hold Acknowledge: This input informs the 80287 when the 80286 controls 
the local bus. It must be connected to the 80286 HLDA output. 


READY 


1 


Ready: The end of a bus cycle is signaled by this input. It must be connected 
to the 8^286' HEAOhf input. 

' SCO.-:.-. 


Vss • 


1 


System grouiW/tertti pins must be c6rine«^|c^^;i^^ 0S«8" x«Al . 


Vcc 


1 


+5V supply 



FUNCTIONAL DESCRIPTION 

The 80287 Numeric Processor Extension (NPX) 
provides arithmetic instructions for a variety of 
numeric data types in iAPX 286/20 systems. It also 
executes numerous built-in transcendental func- 
tions (e.g., tangent and log functions). The 80287 
executes instructions in parallel with a 80286. It 



effectively extends the register and instruction set 
of an iAPX 286/10 system for existing IAPX 286 
data types and adds several new data types as well. 
Figure 3 presents the program visible register 
model of the iAPX 286/20. Essentially, the 80287 
can be treated as an additional resource or an 
extension to the iAPX 286/10 that can be used as a 
single unified system, the iAPX 286/20. 
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The 80287 hasiwcLoperating modes similar to the 
two modes of the 80286. When reset, 80287 is in 
the real address mode. It can be placed in the 
protected virtual address mode by executing the 
SETPM ESC instruction. The 80287 cannot be 
switched back to the real address mode except by 
reset. In the real address mode, the lAPX 286/20 is 
completely software compatible with iAPX 86/20, 
88/20. 

pfi'ce in protected mode, all references to memory 
ifor numerics data or status information, obey the 
ilAPX 286 memory management and protection 
iriBies giving a fully protected extension of the 
m^Se CPU. In the protected mode, IAPX 286/20 
{RiHnerics software is also QomDletely compatible 
NJth IAPX 86/20 ali'd'IAPXf " " ^ """ 



isW^Alfi^ MTERf ACE 

Communication of instructions and data operands 
between the 80286 and 80 287 is han dled by the 
CMDO, CMD1, NPS1, NPS2. NPRp, and N^tfR sig-j 
HalSvlfO port addresses 00F8H, qOFAH, and OOFCHl 
are used by the 80286 foflHid eSHimunication. 
When any of these addresses ai^ used, the NPS1 
input mus t ba L OW and NPS2 Input HIGH. The 
lORC and ^16^ outputs of the 82288 identify I/O 
space transfers (see Figure 4). jCMQO SMouJif. ^ 
connected to latched 80286 A1 and Clilt^t snbiuici 
be connected to latched 80286 A2. 

I/O ports 00F8H to OOFFH are reserved for the 
80286/80287 interface. To guarantee correct oper- 
ation of the 80287, programs must not perforin any 

I/O operations to these ports. 



SYSTEM CONFIGURATION 

As a processor extension to an 80286, the 80287 
can be connected to the CPU as shown in Figure 4. 
The da ta c hanne l control sign als (PEREC, 
PEACK), the BUSY signal and the NPRD, NPWR 
signals, allow the NPX to receive instructions and 
data from the CPU. When in the protected mode, all 
information received by the NPX is validated by the 
80286 memory management and protection unit. 
Once started, the 80287 can process in parallel 
with and independent of the host CPU. When the 
NPX detects an error or exceptio n, it will indicate 
this to the CPU by asserting the ERROR signal. 

The NPX uses the processor extension request and 
acknowledge pins of the 80286 CPU to implement 
data transfers with memory under the protection 
model of the CPU. The full virtual and physical 
address space of the 80286 is available. Data for 
the 80287 in memory is addressed and represented 
in the same manner as for an 8087. 

The 80287 can operate either directly from the CPU 
clock or with a dedicated clock. For operation with 
the CPU clock (CKM=0), the 80287 works at one- 
third the frequency of the system clock (i.e , for an 
8 MHz 80286, the 16 MHz system clock is divided 
down to 5.3 MHz). The 80287 provides a capability 
to internally divide the CPU clock by three to pro- 
duce the required internal clock (33% duty cycle). 
To use a higher performance 80287 (8 MHz), an 
8284A clock driver and appropriate crystal may be 
used to directly drive the 80287 with a 1/3 duty 
cycle etock on the CLK Input {CKV^^i*f*'''>^^ 0?* 



The PEREQ, PEACK, BUSY, and ERROR signals of 
the 80287 are connected to the same-named 80286 
input. The data pins of the 80287 should be directly 
connected to the 80286 data bus. Note that all bus 
drivers connected to the 80286 local bus must be 
inhibited when th e 80 286 readj^from the 80287. 
The use of COD/INTA and M/IO in the decoder 
prevents INTA bus cycles from disabling the data 
transceivers. 



TheSi . SO COD/INTA, READY, HLDA, and CLK pins 
of the 80286 are connected^W the amtm named 
pins-on the 80287. These signals allgwrtih e 80287 tc^ 
monitor the execution ST ESCS>tHt IHSHIi^ons by 
the 80826. i 




PROGRAMMING INTEflFACE — f 

Table 2 lists the seven data types the 80287 sup- 
ports and presents the format for each type. These 
values are stored in memory with the least signifi- 
cant digits at the lowest memory address. Pro- 
grams retrieve these values by generating the 
lowest address. All values should start at even 
addresses foijQijyfljtisl^stemiperforniance. 

Internally the 80287 holds all numbers in the tem- 
porary real format. Load instructions automati- 
cally convert operands represented in memory as 
16-, 32-, or 64-bit integers, 32- or 64-bit floating 
point number or 18-digit packed BCD numbers 
into temporary real format. Store instructions per- 
a«>Kf0MiitMb#w|pne type conversion. 
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Table 2. 80287 Datatype Representation in Memory 



Data 
Formats 



Range 



Precision 



Most Significant Byte 



707070707070707 07 



WIprd Integer 



16 Bits 



hs 



Two's Complement 



Short Integer 



10' 



32 BItg 



l31 



It* 



iWo's Complcfment 



Long, Integer 



10 



19 



64 Bits 



■63 



CoiiiplBnient 



Paclti Id BGOl 



10 



.18 



18 Digits 



D17D16 



Di Do 



,it 



Short Real ' 



24 Bits 



F23 



Fq Inriplicit 



Long Real 



Iff 



±308 



53 Bits 



E10 Eo 



F52 



Fo Implicit 



Temporjary Real 

I V 



lot 

nn 



4932 



1 



64 Bits 
1 



F63 



NOTES: ^ 

(1) Int^er: I 

(2) Pa«jkecl BCD if (D17. l .0^,) 

(3) Real: (- ^f^Sp^^^)lFo K^-) 



(4) Bias =127 for Short Real 
1023 for Long Risal 

MHO 



T<Bfl|pi 



HJO 



1 



80287 computations use the processor's register 
stack. These eight 80-bit registers provide the 
equivalent capacity of 40 16-blt registers. The 
80287 register set can be accessed as a stack, with 
instructions operating on the top one or two stack 
elements, or as a fixed register set, with instruc- 
tioiistajaiiiialtTO wxi^lRlMMflsionated -registers. 

Table 6 lists the 80287's lnstructions~by class. No 
special programming tools are necessary to use 



the 80287 since all new Instructions and data types 
are directly supported by the iAPX 286 assembler 
and appropriate high level languages. All IAPX 
86/88 development tools which support the 8087 
can also be used to develop software for the iAPX 
286/20 in real address mode. 

Table 3 gives the execu times of some typical 
numeric instructions. 
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Table 3. Execution Time for Selected 80287 instructions 





Approximate Execution 


Floating Point Instruction 


Time (/i.s) 


80287 
(5 MHz Operation) 


Add/Subtract 








Multiply (single precision) 


19 




Multiply (ektehtJeid 'Precision) s;. . '-.a mm 






• — ' — ' — ac! !K- :^'>•r,^ JvX X'iAr jr 

Divide . ., 


. . - ;:-„-39 . . ' 


Compare 


9 








Load (doutJle pr^cisiDn) 


^0 


Store (double precision) 


21 


Square Root 

AO Jou-,:£in lie- 








Tangent 


90 




Exponentiation 


100 





SOFTWARE INTERFACE 

The iAPX 286/20 is programmed as a single pro- 
cessor. All communication between the 80286 and 
the 80287 is transparent to software. The CPU au- 
tomatically controls the 80287 whenever a numeric 
instruction Is executed. All memory addressing 
modes, physical memory, and virtual memory of 
the CPU are avaiWMe for use by the NPX^ 

Since the NPX operates in parallel with the CPU, 
any errors detected by the NPX may be reported 
after the CPU has executed the ESCAPE instruc- 
tion which caused it. To allow Identification of the 
failing numeric instruction, the NPX contains two 
pointer registers whiclikidentify,tt}f |d^re|&4f4liie; 
failing numeric instruction ind the numeric 
memory operand if appropriate for the Instruction 
encountering this error. 



INTERRUPT DESCRIPTION 

Several interrupts of the iAPX 286 are used to 
report exceptional conditions while executing 
numeric programs In either real or protected 
mode. The interrupts and their functions are 
shown in Table 4. 



PROCESSOR ARCHITECTURE 

As shown in Figure 1 , the NPX Is internally divided 
into two processing elements, the bus Interface 
unit (BiU) and the numeric execution unit (NEU). 
The NEU executes all numeric instructions, while 
the BIU receives and decodes instructions, re- 
quests operand transfers to and from memory and 
executes processor control instructions. The two 
units are able to operate independently of one 
another allowing the BiU to maintain asynchro- 
nous communication with the CPU while the NEU 
is busy processing a numeric Instruction. 

BUS INTERFACE UNIT 

The BIU decodes the ESC instruction executed by 
the CPU. If the ESC code defines a math instruc- 
tion, the BIU transmits the formatted instruction to 
the NEU. If the ESC code defines an administrative 
instruction, the BIU executes it independently of 
the NEU. The parallel operation of the NPX with the 
CPU is normally transp arant to the u ser The BIU 
generates the BUSY and ERROR signals fdr 
80826/80287 processor synchronization. 

The 80287 executes a single numeric instruction at 
a time. When executing most ESC instructions, the 



tIMSIMmi 



ttitJt 



InteffiNpt iNumbttr 


; Int4rrupt Function 


7 


An ESC instruction was encoiinteffid when EM or TS of t^e 80286 MSW was set. 
EM=1 ihaicates that software emulation of the lWsiru(^^f(3n \i requifed. When TS is 
set, either an ESC or WAIT instruction will cause interrupt 7. This Indicates tliat the 
current NPX context may not belong to the current task. 


9 

- - — 


The second or subsequent words of a numeric operand In memory exceeded a 
segment's limit. This interrupt occurs after executing an ESC instruction. The saved 
return address will not point at the numeric instruction causing this interrupt. After 
processing the addressing error, the lAPX 286 program can be restarted at the 
return address with IRET. The address of the failing numeric instruction and 




n umeric operand are saved in the 80287. An interrupt handler for this iriterru pt must 
execute FNINIT trafore^y other ESC or WAIT instruction. 




The starting address^of a flumeri&operand is not in the segment's limit..The return 
address will point at the ESC instruction (including prefixes^osiqgMrtMlvlar. The 
80287)1^38 hsf executedihls instruesion. The instruction andi&traden'erssi in 80287 
refer \b. a previous, correctly executed, instruction. 


.__ 16 


The previous numeric inst.rMction caused an unmasked numeric error. The Mtidress 
of the.faulty numeric instruction o|r numeric data operand is stor^^^^m^gQ^?. 
Only ESC or WAIT irtstructions can cause ttilsinteiTupt.Ttie^286fefiifii-«nelelress 
will point at a WAIT or ESC instruction, including prefixes, which may bef^arted 
after clearing the error condition in the NPX. 



80286 tests the BUSY pin and waits until the 80287 
indicates that it is not busy before initiating the 
command. Once initiated, the 80286 continues 
program execution while the 80287 executes the 
ESC instruction. In iAPX 86/20 systems, this 
synchronization is achieved by placing a WAIT in- 
struction before an ESC instruction. For most ESC 
instructions, the IAPX 286/20 does not require a 
WAIT instruction before the ESC opcoda However, 
the IAPX 288^20 will operate correctly with these 
WAIT instructions. In all cases, a WAIT or ESC in- 
struction should be inserted after any 80287 store 
to memory (except FSTSW and FSTCW) or load 
from memory (except FLDENV or FRSTOR) before 
the 80286 reads or changes the value. 

Data transfers between memory and the 80287, 
when needed , are controll ed by the PEREQ 
PEACK, NPRD, NPWR, NPS1, NPS2 signals. The 
8P286 does the actual data transfer with memory 
through its processor extension data channel. 
Numeric data transfers with memory performed by 
the 80286 use the same timing as any other bus 



by the 80826 as shown in Figure 4, and meet the 
timing requirements shown in the AC require- 
ments section. 

NUMERIC EXECUTION UNIT 

The NEU executes all instructions that involve the 
register stack; these includa arithmetic, logical, 
transcendental, constant and data transfer in- 
structions. The data path in the NEU is 84 bits wide. 
(68 fraction bits, 15 exponent bits and a sign ti\t). 
which allows internal oper^Hjtl trahsiili^'ixi' W pie^ 
formed at very high speed*,'""' 'i >"a'Pf ' ^"P 

When the ><litl bfe igths e xecuting an instruction, it 
activates the BlU BUSY sigMkl. This signal' ftHiisetf' 
in conjunction with the CPU WAIT instruction or 
automatically with mo^t Ql.tbfi ESC,in(tf™ctona,tp. 
synchronize both pFo**^<ffS; >'^ '^^»^' ' 

REGISTER SET 

The 80287 register set is shown in Figure 5. Each of 
the eight data registers in the 8087's rf sis^r^ack 
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is 80 bits wide and is divided into "fields" corre- 
sponding to the NPX's temporary real data typa 

At a given point in time the TOP field in the status 
word identifies the current top-of-stack register A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Like 80286 stacks in 
memory, the 80287 register stack grows "down" 
toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate 
on the register at the top of the stack. These in- 
structions implicitly address the register pointed 
by the TOP. Other instructions allow the program- 
mer to explicitly specify the register which is to be 
used. Explicit register addressing is "top-relative/' 

STATUS WORD 

The 16-bit status word (in the status register) 
shown in Figure 6 reflects the overall state of the 
80287. It may be read and inspected by CPU code. 
The busy bit (bit 15) indicates whether the NEU is 
executing an instruction (B = 1) or is idle (B = 0). 



The instructions FSTSW, FSTENV, and FSAVE 
which store the status word are executed ex- 
clusively by the BlU and do not set the busy bit 
themselves or require the Busy bit bftaWMfittJff 

order to be executed. 

The four numeric condition code bits (C0-C3) are 
similar to the flags in a CPU: instructions that per- 
form arithmetic operations update these bits to 
reflect the outcome of NDP operations. The effect 
of these instructions on the condition code bits is 
summarize$jifSi;ilrie« ^Jind 5b, . •orrauj«T->i^t 

Bits 14-12 of the status word point to the 80287 
register that is the current top-of-stack (TOP) as 
described above. Figure 6 shows the six error flags 
in bits 7-0 of the status word. The section on ex- 
ception h|ip»{r4i|::;^Ji^| 'jlow .fl#^% 'ii.'itfja 
used. ' 5"''' 

Bit 7 is the error status bit. This bit is set if any 
unmasked exception bit is set and cled^tid'fither- 
wise. If this bit is set, the ERROR signal is asserted. 

Bits 5-0 are set to indicate that the NEU has 
detected an exoeplfi^h While executing an 
instruction. u : . . 
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EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 

INVALID OPERATION* 

DENOflMALIZED OPERAND* 



■ ZERO DIVIDE* 

■ OVERFLOW* 

' UNDERFLOW* 
' PRECISION* 



a. 



^ ES IS SET IF ANY UNMASKED EXCEPTION etnS~SE^ 
" see TABLE 5 FOR CONDITION CODE INTERi HEii!ni(M«c «40l73urSTeMI - 
TOP VALUES 

OB0i«' Bratrter (s Tap of Staek 
W = HMiMter 1 1s Tap of SMek 
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111 = Register 7 Is Top of Stack 
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Figures. 80287 Status Word 
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TAG WORD 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NPX's performance. The 
tag word can be used, however, to interpret the 
contents, of 80287 registers. 

?(i 8) Id Sb'^;.-) ri'v'\- : 

INSTRUCTION AND DATA POINTERS 

Tl:iis Instruction and data pointers (See Figures 8a 
and :8b.) are provided for user-written error hand- 
lers. Whenever the 80287 executes a new Instruc- 
tion, the BlU saves the instruction address, the 
ppera,nd address ^|;,presentj and the Ijistruction 
opcode. 8028V in'strtjc^ions ^liff smHi tntl data Into 
memory. 

The instruction and data pointers^ppear in one of 
two formats depending on the p^jt^^tlng mode of 
the 80287. In real mode, these values are the 2d-bit 
physi<59l(,?id|fj res$ and, 1 1 -bit ppqocl|^ f f i-inatted ,4ike 
^ filif^tteWtfe^i modf^t{«^\ftlufS;^'}|f 
ISWt mxm\ a«}dresses used by 



which executed an ESC instruction. The same 
FLDENV/FSTENV/FSAVE/FRSTOR instructions as 
those of the 8087 are used to transfer these values 
between the 80287 registers and memory. 

The saved instruction address in the 80287 will 
point at any prefixes which preceded the instruc- 
tion. This is different than in the 8087 which only 
pointed at the ESCAPE Instruction opcode. 



CONTROL WORD 

The NPX provides several processing options 
which are selected by loading a word from memory 
into the control word. Figure 9 shows the format 
and encoding of fields In the control word. 

The low order byte of this control word configures 
the 80287 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 80287 recognizes. 
J^§^jf larder ^yt? of the control word configures 
t^ i^^^.fPfter^tlng mode Including precision, 
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Table 5a. Condition Code Interpretation 



Instruction 
TVpe 



Ca 



C2 



Co 



Interpretation 



Compare, Test 





1 



1 



1 



V Oflas 



ST^S^ Saarde or (FTST) 
ST < Source or (FTST) 

ST = Source or (FTST) 
ST is not comparable 



RfemalTiiler 



Qi 



blow tfi»T T9S08 TOTill;. 
1 U U 



— e o mplBte r e d u c t i o n -wi t h 
three low bits of quotient 
(See Table 5b) 
Incomplete Reduction 



Examine 












1 



0.. 




1 
1 
1 
1 






1 
1 
1 
1 



1 

-J- 




1 
1 




1 
1 





1 



1 



1 



1 



1 



1 



1 

a 

1" 



Valid, positive unnormalized 

Invalid, positive, exponent =0 

Valid, negative, unnormalized 

Invalid, negative, exponent =0 

Valid, positive, normalized 

Infinity, positive 

Valid, negative, normalized 

Infinity, negative 

Zero, positive 

Empty 

Zero, negative 
Empty 

Invalid, positive, exponent = 
Empty 

Invalid, negative, exponent = 
Empty 



NOTES: 

1. ST = Top of stack 

2. X = value is not affected by instruction 

3. U - value is undetinea rollowing Instruction 

4. Ck| = Quotient bit n 

• a &i . 



Table Sb. ConditiOfl Code Interpretation after 
FPREM InstrticriOn As a Function of 
Dividend Value 



< DlWdond Rans* 


Qz 


Qi 


Qo 


Dividend < 2 * Modulus 


C3 


Ci 


Qo 


Dividend < 4 * Modulus 


C3 


Qi 


Qo 


Dividend, ^ 4 * MocIuIms 


Q2 


Qi 


.Qo 


MOl lb 1 . : J.. BOSo a. 


'. ill " 





.1:, .Prrr(ousy)liM9Pf1i^<ti<mlte4b^t^^Bel^«c^^Frr8gM 
. ii)?triic«pn^ecu^iftgll^ 3290Oiq firiT egntii 



rounding,. and infinity control. The precision con- 
trol l)its (bits 9-8) can be used to set the 80287 
internal operating precision at less, tfi^p, Urn 
default of temporary real (80-bit) precision. Th^ 
can be usefuJ in pr(»/iding compatibility with the 
early genera^tjon arithr^etic processors of $m,aller 
precision than jJ^ie^SO^S?, The rounding, c^ifji^ 
bits (bits 11-10) provide for directed rounding and 
t^e)4;hQp as well as the unbiased round to nearest 
i^grji^fnodie specified in the IEEE standard. Control 
iqtljpr^losure of the number space at infinity is also 
pi^vicle<;l (jeither af fine closure: ± <», or projective 
clOkS^tr^^. is treated as unsigned, may be 
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TAG (7) 


TAG (6) 


i 


TAQ(4) 


TA6 0) 


^3 

*TAG(Z) 


1*8(1) 


TAG (0) 



















<r>- 



TAG VALUES: 

00 ' VALID 

01 = ZERO 

10 = INVALID or INFINITY 

11 = EMPTY 



19i ' '.J '■:) a - 



F^tire7. 80287 Tag Wiofd 



}'^elK■']y ,sv: 
tiBSil'sr^'' J ■. ■ 



I 



me)iiorv 



OFFSET 



• ■ ■ 1 .. ^ .- yl. 



CONTROL WORD 



STATUS WORD 



TAG WORD 



IP OFFSET 



CS SELECTOR 



tnTT 



DATA OPERAND OFFSET 



DAIJk CYRANO SELEI 



iCTpR 



+0 
+2 
+4 

( 

■J +6 



+8 
+10 

' +12 



■t V" : 

FIgura 8a. Pretoeted Mode Instruction and Data Pointer Image In MaaiMy* qo^T t 

t,,, 1,11(1.. 



EXCEPTION HANDLING 

The 80287 detects six different exception condi- 
tions that can occur during instruction execution. 
Any or all exceptions will cause the assertion of 
ERROR signal if the appropriate exception masks 
1^ hot set. 

The exceptions that the 80287 detects and the 
'default' procedures that will be carried out if the 
exception is masked, are as follows: 

invalid Operation: Stack overflow, stack under- 
flow, indeterminate form (0/0, =o-oo, etc.) or the use 
of a Non-Number (NAN) as an operand. An ex- 
ponent value of all ones and non-zero significand 
is reserved to identify NANs. If this exception is 
masked, the 80287 default response is to generate 



a specific NAN called INDEFINITE, or to propogate 
already Kcisttng NANs as the calculaUon result. 

Overflow: The result Is too large in magnitude to 
fit the.speQlf led format. Th^ 80287 will gerierate an 
encoamg W IKflnity if this, exraptyRls niasked. 

Zero Divisor: The divisor is zero while the divi- 
dend is a non-infinite, non-zero number. Again, the 
80287 will generate an encoding fQrMnity if this 

exception is masked. ■ ■ 

Underflow: The result is non-zero but too small in 
magnitude to fit in the specified format. If this 
exception is masked the 82087 will denormalize 
(shift right) the fraction until the exponent is in 
range. The process is called gradual underflow. 



rM-'iSWrs 



notaiMoi 



mm 



^pmsii©! mm 
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COMFROLWORD 


+0 


ST; 


+2 


TAG WC 


+* 9 J viqr-'if 


INSTRUCTION POINTER (1S-0) 


+® ' '*> ff <n S! vr 


INSTRUCTION 
POINTER (1»^16) 





INSTRUCTION 
OPCODE (10-0) 




DATA ROmTER (15-0) 




DATA POINTER 
(19-16) 





+12 . 



IS 



12 11 



Figure 8b. Real Mode 80287 Instruction and Data Pointer Image in Memory 

ii . 
b ' 



XXX I C R C 



PC XX PMlUM OM ZM DM IM 



'"precision control 

00 > 24 BITS 

01 ' RESERVED 
10-53 BITS 

11 > 64 BITS 



"ROUNDING CONTROL 

00 - ROUND TO NEAREST OR EVEN 

01 - ROUND DOWN (TOWARD - 

10 = ROUND UP (TOWARD 

11 = CHOP (TRUNCATE TOWARD ZERO) 



EXCEPTION MASKS (1 -EXCEPTION IS MASKED) 

iNWUb operation' ' '" '-(u '.. 

DENORMALIZED OPERANO 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 
(RESERVED) 
(RESERVED) 
PRECISION CONTROL "> 
ROUNDING CONTROL'" 

INFINITY CONTROL (0 = PROJECTIVE, 1 - AFFINq 
(RESERVED) 



Figure 9. 80287 Control Word 
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Denormalized Operand: At least one of the 
operands is denormalized; it has the smallest ex- 
ponent but a non-zero signlficand. Normal pro- 
I cessipn contiiMiWifilhis exc^^dfr is riasked off. 

Inexact Result: If the true result Is not exactly 
representable in the specified format, the result is 
rounded according to the rounding mode, and this 
flag is set. If this exception is masked, processing 
will sMply coritittid. ^ <^ | 

If the error is not masked, the corresponding error 
bit and the error stat us bit (E S) in the control word 
will be set, and the ERROR output signal will be 
asserted. If the CPU attempts to execute another 
I iSC €* ¥S<ftlT instruction, exeeftfon 7 will occur. ' 

The error condition must be resolved via an inter- 
rupt service routine. The 80287 saves the address 
of the floating point instruction causing the error 
as well as the address of the lowest memory loca- 
tion of any memory operand required by that 
instruction. " ~ 

y i,ti- .f.Yt j-iji i«t:ilo<( MflO bos r; 

iAPX 86/20 COMPATIBILITY: 

lAPX 286/20 supports portability of IAPX 86/20 
programs when it is in the real address mode. 
However, because of differences in the numeric 
error handing techniques, error handling routines 
may need to be changed. The differences between 
I an iAm Wmm and iAPX 86/ao are: 

1. The NPX error signal does not pass through an 
interrupt controller (8087 INT signal does). 



riOi<!t03HH 

(ciJvRjisn, - — 



Therefore, any interrupt controller oriented in- 
structions for the iAPX 86/20 may have to be 

deleted. 

2. Interrupt vector 16 must point at the numeric 
' 'Wr*er handler roi^tine. , 

3. The saved floating point instruction address in 
the 80287 includes any leading prefixes before 

' the ESCAPE opcode. The corresponding saved 
address of the 8087 does not include leading 
prefixes. 

4. In protected mode, the format of the saved in- 
struction and operand pointers is different than 

' for the 8087. The instruction opcode is not 
saved — it must be read from memory if needed. 

5. Interrupt 7 will occur when executing ESC in- 
structions with either TS or EM of IVISW=1 . If TS 
of MSW=1 then WAIT will also cause interrupt 
7. An interrupt handler should be sMwi to hani 
die this situation. 

6. Interrupt 9 will occur if the second or subse- 
quent words of a floating point operand fall 
outside a segment's size. Interrupt 13 will occur 
if the starting address of a numeric operand 
falls outside a segment's size. An interrupt 
handler should be added to report these prof 
gramming errors. 

In the protected mode, iAPX 86/20 application 
code can be directly ported via recompilation if the 
286 memory protection rules are not violated. 



i';ri35 GflAVnoT .r..', jn- • 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0to+7V 

Power Dissipation . u > 3.0 Watt 



'NOUCE: Stresses above those listed under Ab- 
solute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the devike at these or 
any other conditions above those indicated in the 
operational sections of this specificatiori js not 
implied. Exposure to abfolut^ maximum JfaVng 
conditions for extended periods may affect d&ricm 
reliability. - , 

•iHM'-ir 0=' ' I 



D.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5V ± 10% 



'nit ,y 



rj i 



HO.: 



wT II IMVI 


Psi ra m atnr 

r ai aiii w&vi 


Min. 


Max. 


Units 


T&st Conditions 














V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


iOL = 3.0 mA 


VOH 


Output High Voltage 


2.4 




V 


lOH = •'♦OO piA 




•cc 


Power Supply Current 






ftIA 


Fa = o 


■li 


Input Leakage Current 




±10 


juA 


OV^sVinsVqc 


Ilo 












Output Leakage Current 








0.45V«VouT«Vcc 


VCL 


Clock Input Low Voltage 












CKM=1 ^ 


-0.5 


+0.6 


V 






CKM=0 


-0.5 


+0.8 


V 
















VCH 


Clock Input High Voltage 










CKM=1 


3.8 


Vcc+1.0 \ 








CKM=0 


2.0 




'■ -'St-'' 




C|N 


Capacitance of Input & 
Output Buffers (all except I/O 
Buffer and CLK) 












10 


pF 


fc = 1 Mhz 


C|0 


Capacitance of I/O Buffer for 
Di5-Do 




20 


PF 


fc = 1 MHz 


CcLK 


Capacitance of CLK Input 




■.i.-.mpj^',; 


pF 


fc = 1 MHz 



C J "f: 
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I® 

iyp,.PHARACTERISTIC§TA=?^°C.Jo ZQ^* ycc= 5V± 
flMlNG REQUIHiMLENTS v a 



10% 



Symbol 


Parameter 


MIn. 


Max. 


Units 


Test 
Conditions 


TCLCL 

IV. - 1 UtL. 


CLK cycle period " ' ' 

^^^^ yiWOF. SI 
CKM=0: 16MHz 


200 
125 
62.5 


500 
500 
250 


ns 


at 1.5 V 


TCL(»I 


CLK low time CKM=1 
CKM=0 


118 

15 


230 


ns 


at 0.6 V 

at 0.8 V 


TCHQU, 


CL|^JightimeCKM=1 "7 


69 
on 






at 3.8 V 
at 2.0 V 










v_/L-r\ Mbc Uiilo- -+ -- ^ - , 




in 

_ lU- — 


HS- 


from 1.0 to 3.5 V 












TGL2Gk1 


CLK fall time 




10 


ns 


from 3.5 to 1.0V 












TDVWn 


Data valid set up to npwh inactive 


75 




ns 










TWHDX 


Data hold from NPWR inactive 







ns 










TWLWH, 
TRLRH 




95 




ns 


NPWR, NPRD active tim^. 


















at 1.5 V 


TAVRL, 


Command Valid to NPWR or NPRD 








TAVWL 


active 







ns 


TMHRL 


Minimum response from PEREQ active 
set up to NPRD active 


130 




ns 


fKLiar 


PEACK active time | 


95 




ns 


TKHKL 


PEACK inactive time -^^oo"^ i 


195 




ns 


TKHCH 


PEACK inactive to NPWR. NPRD 
inactive 







ns 










.3 i 


TCHKL 


Data Channel NPRD, NPWR inactive 
set up to PEACK active 


-25 




ns 


TWHAX, 
TRHAX 


Command hold from NPWR, NPRD 

inactive 







ns 


TKLCL 


PEACK active set up to command 
active — - > - 







ns 














T2CLCL 


80286 Clocl< period 


62.5 


250 


ns 


T2CLCH 


80286 Clock lovi^tlme 


15 


230 


ns 


at 0.8V 


T2CHCL 


80286 Clock high time 


20 


235 


ns 


at 2.0V 



A.C. CHARACTERISTICS Ta=0°C to TO-C. Vcc= 5V± 10% 
TIMING JBiOUlBlMifcllSiSSBy 



Symbol 


PsriMiitw' 

- . 1 . ' 


Min. 


Max. 


Units 


Test 

Conditions 


TCLSH 


ST, SO hold time 







ns 


\l 

J- 

ai 1 .0 V 


TSVCL 


ST, SO valid setup time < ^ 


'-my 
1— 




ns 


TCIVCL 


COD/INTA valid setap-thne 







ns 


TCLCIH 


COD/INTA hold time 









ns 


TRVCL 


READY valid setup time 


38.5 




ns 


TCLRH 


READY hold time . 


25 




ns 


THVCL 


HLDA valid setup time 









ns 


TCLHH 


HLDA hold time 









ns 


TCLIH 


Input from CLK hold ti*ftB{-* - 


45 




ns 


at 1.5V 
-(See Note 1) 


TIVCH 










Input to CLK setup time 


70— 




TtS- 


NOTE: y j 
1. To guarantee a predetermined response for testing purposes. | 

A.C. CHARACTERISTICS— TIMING RESPONSES , t< ^ ' 


Symbol 


Parameter 


Min. 


IMax. 


Units 


tlMt 

Conditions 














TRHQZ 


NPRD inactive to data tri-state 




37.5 


ns 


CL=20pF-100pF 
at 1.5V 


TRLQV 


NPRD active to data valid 




60 


ns 


TILBH 


ERROR active to BUSY inactive 


100 




ns 


CL=100pFat1.5V 


TWLBV 


NPWR active to BUSY valid 




100 


ns 


TCLML 


NPRD, NPWR active to PEREQ 
inactive 




120 


ns 


CL = lOOpFatl.SV 
(See Note 1) 


TKLML 


PEACK active to PEREQ Inactive 




127 


ns 


TCMDI 


Minimum command Inactive time 

Write-Write 

Read-Read 

Write-Read 

Read-Write 


95 
150 
105 

95 




ns 
ns 
ns 
ns 


at 1.5V 


TRHQH 


Data valid hold from NPRD Inactive 


5 




ns 


CL=40pF at 1.5V 



NOTE: 

1 . On last data transfer of numeric Irwtructien. 



' snsiiiMioi 




¥MVEFORMS 



CLOCK TIMING 

TCL2CL1 - 



-TCH1CH2 



♦TCHCL*- 



' ' \ ^- / \ 



3* ' 



-TCLCL- 



TCLIH 



r 



r 



TCLIH 



TIVCH 



TIVCH 



N0TE1 



■1- , ^r,i , H, r, 

NOTE1 i -~ — 

ir:. 



NOTE: 

1. Shown for CKM=1, when CKM=0 TIVCH rs measured from tfie second falling edge of CLK- Thsse- inputs 
may be asynchronous to CLK. This input timing guarantees a predetermined response. ' 



I 



biifev ''SUB o' 9vi' -5: 



9vi> jEni Cans'* C'J aviJr 



i I VP ^ 



at 
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WAVEFORMS (cont.) 



DATA TRANSFER TIMING 

CI 



,NPS2 



)( 



VALID 



TMmt 



»■ N f 4— TRHQZ— ft. 



TRLQV 



TAVWL 



-TRMAX- 



-TRHQH- 



^ DATA OUT 

VALID 



■>D-I>ts lk*iiSfi'M«r«HANGE 



-Twunm- 



7- 



TDVWH 



-TWHAX- 



OATA 

TRANSFER 

FROM 

802t7 



XDATA IN \' 



TWLBV U- 



DATAMMTCHMlieE 



DATA 

TRANSFER 

TO 

80287 



■;i-i.<.v ! 



DATA CHANNELTIMING 



CMD0. CMD1 
R^,NPS2 



NPRD-NPWR 



PEREO 




VAUD 



PEACK 



TKHCH 



TRHAX 
TWHAX 



— TCMDI- 
-TCHKL- 




1 i 
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A-es 



WAVEFORMS (cont.) 



ERROR OUTPUT TIMING 



ausy 



V r 



41- 



4 



-MWJW7 --f^H- 



J 



80286 STATUS TIMING 



CLK286 



7/ 




NOTES: 

1. This ioput transition occurs bafoce Js* 

2. TliSyi:»»t4t.|r«osition QcjeUrSi^jr^Ic. 



i- cam 



%' 

]i_ 



r 



7^ 



Hxj>rr 



(•(HIS,'! 'V. 
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Table 6. 80287 Extensions to the 80286 Instruction Set 



Data Transfer 

FLD = LOAD 

Integer/Real Memory to"ST(S) 

Long Integer Memory (o ST(0) 

Temporary Real Memory to 
ST(0) 

BCD Memory to ST(0) 
ST(i) to ST(0) 

FST = STORE 

ST(0) to Integer/Real Memory, 
ST(0) to ST(i) 

FSTP = STORE AND POP 
ST{0) to Integer/Real Memory 

ST(0) to Long Integer Memory 

ST(0) to Temporary Real 
Memory - ..Wi '^o- - 

ST(0) to BCD Memory 

ST(o)fto §t:(I) .1 

FXCH = Excharvge ST(i) and 
ST(0) 

Comparison 

FCOM = Compare 
Integer/Real Memory to ST(0) 

ST(i)toST,fQ) f;-,,!-;' 

FCOUP = Compare and Pop 

Integer/Real Memory |G §Tp) 

ST(i) to ST(0) 

FCOMPP = Compare ST(1) to 
ST(0) and Pop Twice 

FTST = Test ST(0) 
FXAM = Examine SffO) 



Optional 
S,1S Bit 
Dtoplaeemsnt 



MF 



Clock Count Range 
32 Bit 32 Bit 64 Bit 16 Bit 
Real Integer Real Integer 



00 



01 



10 



11 



SCSre^MF 1 MOD R/M' 



ESCAPE 1 1 1 



MOD 1 1 R/M 



ESCAPE 1 1 




MOD 10 1 R/M 



DISP 
DISP 
DISP 



ESCAPE 1 1 1 



MOO 1 R/M 



DISP 



38-56 52-60 40-60 46-54 

60-66 
- 53-65 

7l 

■ 290-310 



ESCAPE a i 



— u — i — I — a — £ — I — j I f c ''"Aaga 

1 T ' -Q "0~O^ST!t) 



17-22 



ESCAPE MF 1- 






MOD -0 1 R/M 


DISP • 84-90 



ESCAPE 1 1, 1 1. 1 ST(i) 



ESCAPE MF 1 



MOD 1 1 R/M 



ESCAPE 1 11 


MOD 1 1 1 R/M- 


DISP 1 








ESCAPE 1 1 


MOD 1 1. 1^ R/M 


DISP j 












ESCAPE 1 1 1 


MOD T 1 R/m' 


DISP j 



escAPi-ipj. ■ 1 



i>.t, 1 1, smi, 



-92 84-94 98-106 82-92 
94-105 

52-58 

520-540 

17-24 , _ , 



ESCAPE i ,Li "l" a'*.a5Li, ' sku -l 



ESCAPE MF 


MOD 1 R/M 







DISP 



,ESCAPEnO,,0 



10-15 

.60-70 78-91 ^-75 72-86 

40t5o ■ 



ESCAPE MF MOD 1 1 R/M 



DISP 



ESCAPE 1 1 Oil ST(i) 



63-73 80-93 67-77 74-88 
45-52 



ESCAPE 11011 011001 



ESCAPE 1 



11 10 1 



ESCAPE 1 



' iu ir f o' 0^ 1 ii 



45-55 
38-48 
"iVliiS i 12-23 ' 



Mnemonics © rnt9n982. 



JUJIL 



Table 6. 80287 Extenskin»>t»4ti» J0286 ln^nieaon~S«t.(cont.) 







Optional 


Clock Count Range 


■m.ti.'rista 




8,16 Bit 


32 Bit 


32 Bit 


64 Bit 


16 Bit 






JUwIacament 


Real 


Integer 


Real 


Integer 






00 


01 


10 


11 





FUJZ = UOAD + 0.0 Into ST(0) | ESCAPE 1 



11 10 1110 



Fiifli-iiiow+ivQihiil 



FtBPI =. UBAD w Into ST(S) 



ST(0) ' I 

FLDL2E = LOAD log: e Into 

ST(0) 

FLDLG2 iMM? lOflrioiNnto 

ST(0) 



FLDLN2 = LOAD loge2 into 
STjO) 

Arithm#B-»' '6 
litfi9gsin«Bt MaMory with ST(0) 



ESCAPE 1 I -1 10 10 



ESCAPE -1 - 

'■ IfTKS 



.1. 0.- 1- 0- 1_-1 
: ! — — I — 



ESCAPE 1 


11 10 1 1 





ESCAPE 1 



11 10 10 10 



ESCAPE 





1 


1 1 


1 n 1 


n n 
























ESCAPE 






1 1 


1 1 









1 







11-17 

15- 21 

16- 22 

16- 22 
15-21 

18-24 

17- 23 



ESCAPE MF 






MOD R/M 


DISP j 


90- 



3V 



-MA ilROTf; ■ 



St|l) and Sr((>): 



FSUB = Sulitractlon 



ESCAPE d P 



1 1 ST(I) 



lntM9^^B«^Me!i«>f» wlrffST(0) I ESCAPE MF 0^ 
ST(lJah«igr((8' 



MOD 1 R R/M 



ESCAPE d P 



1 1 1 R R/M 



70-100 (Note 1) « r. 



bfSP-^lj^'-^Sp-^O 108-143 9S^*?S i; 102^137 
70-100 (Note 1) 



FMUL = Multiplication 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 
FDIV = Division 

trvt«ge«tg«il Mrnnory with St(b) 
ST(l) and ST(0) 

FSlmt * Root of ST(0) 

FSCALi = iScale ST(0) by ST(1) 



FPREM = Partial Remainder of 

ST(0) -tmp) 

FRNDIKTm tend ST(0):to 
Integer— —— — 



ESCAPE MF 



MOD 1 R/M 



ESCAPE d P 1 1 1 R/M 



ESCAPE MF 



Mod 1 1 M -WM 



110-125 130-144 112-168 124-138 



90-145 (Note 1) 



d>4 IseRlTji, .K. 



pfep-'" i '-"lii5-225 230-243 22*J«3S ' 424-^8 



ESCAPE d P 



1 1 1 1 R R/M 



ESCAPE 1 



1 1 j: 1 JlO 1 



19S^203(Note1) 

'•"ite-is*"^"'"'*'""^''" ■ 



ESCAPE 1 


11 11110 1 









32-38 



ESCAPE 1 



11 1110 



-.vT qo*l Dfit i' ^ ' 



ESCAPE H 



1 1 11 t II 1l ! 



16-50- 



t. ff P»1 titan add S eloeks. 



210920-001 



A-72 



802«7 



1 



Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 



FXTRACT = Extract 
Components of St(0) 

FABS = Absolute Value of 
ST(0) 

FCHS = Change Sign of ST(0) 



Transcendental 

FPTAN = Partial Tangent of 
ST(0) 

FPATAN = Partial Arctangent 

of ST(0) +ST(1) 
ST(0) 



FYL2X = ST{1)-Log2 

IST(0)1 

FYL2XP1 =ST(1)-Log2 
IST(O) +11 

Processor Control 

FINIT = Initialize NPX 

FSETPM = Enter Protected 
r^ode 

FSTSW AX = Store Control 
Word 

FU>CW = Load Control Word 

FSTCW = Store Control Word 

FSTSW = Store Status Word 

FCLEX >= Clear Exceptions 

FSTENV » Store Envlremment 

FLDENV = Load Environment 

FSAVE = Save State 

FRSTOR = Restore State 

FINCSTP = Increment Stack 
Pointer 

FDEGSTP = Decrement Stack 
Pointer 



Optional 

— MS4K 



ESCAPE 1 



ESCAPE 1 



ESCAPE 1 



ESCAPE 1 



ESCAPE 1 



ESCAPE 1 



ESCAPE 1 



ESCAPE 1 



ESCAPE 1 1 



ESCAPE 1 1 



ESCAPE 1 1 1 



110 10 



1 1 



1 



110 10 



110 11 



1 1 



1 1 1 



1110 1 



1 1 1 



10 10 



CouM Range 

27-55 ' 

10-17 
10-17 



30-540 . 

250-800 
310-630 
900-1100 
700-1000 

2-8 



1 



ESCAPE 1 



MOD 1 1 R/M 



ESCAPE 1 



MOD 1 1 1 R/M 



ESCAPE 1 1 



MOD 1 1 1 R/M 



DISP 

DISP 
DISP 



ESCAPE 1 1 



1 1 1 1 



ESCAPE 1 



MOD 1 1 R/M 



ESCAPE 1 



MOD 1 R/M 



ESCAPE 1 1 



MOO 1 1 R/M 



DISP 
DISP 
DISP 



ESCAPE 1 1 



MOD 1 R/M 



DISP 



ESCAPE 





1 


11 110 111 




ESCAPE 







11 110 110 



10-16 



7-14 
12-l.ft. 



12-18^ 



40-50 

205-215 
205-2t« 

6-12 
6-12 



2tO«MH)01 



M3^ 



r o. outfo/ cKienqionslo tn« sozw Instruction Set (cont ) 



FFREE = FreeST(l) 
FNOP = NoOperatLor) 



!*rria :'j ) 
sasttit 



I Esc^ri,;9,.<! I 1 1 e ST(i) [ 

I ESCAPE 00l|l 1 010000| 



9- 16 

10- 16 



NOTES: 

1. If mod=00 then DISP=0*, disp-low and disp-high are absent 

if mod =01 then DISP=dlsp-low sign-extended to 16-bits, disp-hIgh is absent 

if mod = 10 then DISP=disp-high; disp-low _ - . 

if mod = 11 then r/m is treated as an ST(i) field 

2. if r/m=000then EA=(BX) + (SI) -i-DISP 
if r/m=001 then EA=(BX) + (Dl) -l-DISP 
if r/nn=010then EA=(BP) + (SI) +DISP 
if r/oi»F011 then EA=(BP) + (Dl) +DISP 

if */i«=100 then EA=(SI) + DISP 

if r/m=101 then EA=(DI) + DISP ' i t - ; . : 

if r/m=110thenEA=(BP) + DISP 

if r/m=111 then EA=(BX) -H DISP ' . 

, Ti;r.-',.t- ■ 

I *axt!ll|it ttinod^OOO and r/m=110 then EA =dlsp-hlgh; disp-low. 

' 3. MPs Mpmpry Format , , , , , , 

0(M32-bit Real ^ - 

I 01 — 32-bit Integer , - - i - - 

10- 64-bit Real l. Li'^J ' ' L' 

11— 16-bit Integer 
4. ST{0)= Current stack top 

ST(i) i*^ register below stack top 
I 5. 0- Destination 

I 0— Destination Is ST(0) . „ 

i 1— Destination is ST(i) J ' 

' 6. P= Pop 

No pop . I ^ r 

1— PopST(O) ' _ \ 

,7. R= Reverse: When d = 1 reverse the sense of R V . ' • ' ' 

I — Destination (op) Source 

1 — Source (op) Destination 
|8, For FSQRT: -0 s ST(0) s +" 

ForFSCALE: -2''^ s ST(1) < +2''* and ST(1) integer , 

ForF2XM1: s ST(0) s 2"'' - 

For FYL2X: < ST(0) <^ 

-X < ST(1) < + » 

ForFYUXPI: « IST(0)1< (2 -V2)/2 

. -oo<ST(1)-«sci -t a 

ForFPTAN: s ST(0) cwM 

ForpWTAH;,, 0«ST^<^5ii(1) <+"», ,. . 7 :,om ' >■'" 
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CLOCK GENERAIW^IND R€ADY INTERFACE 

FOR lAPx 286 m^&mMmm^' 



m Generates Si^itetn Cld|( 
Processors 



■,c.y 1 
O 



■ Single +5V Power Supply 

■ Generates System Reset Output fi|:pr« 1 
Schmitt Trigger Input ! 

■ Available in EXPRESS | 

- Standard Temperature Range I 

- Extended Temperature Range I 

The 82284 is a clock generator/driver which p rovides clocl< signals for iAPX 286 processors and support compo- . 
nents. It also contains logic to supply READY to the CPU from either asynchronous or synchronous sourpei^ an* 
synchronous RESET from an asynchronous input with hysteresis. - ; 



■ Uses Crystal or TTL Signal for Frequency 
' Source 

■ Provides Local READY and Multibus* 
' RBAiDiy Syne^ranlzation 



X1 - 

xa- 

tF\- 
F/C - 



AROYEN - 



SRDYEN ■ 
SRDY- 



S1 - 

SO - 



SYNCHRONIZER 



c;nw njqn! woJ BV!a)G he 3i_9ic;i>n3 yl»8«S *'jonoiri3;'y3 



XTAL 
OSC 



SYNCHRONIZER 



READY - 



POLK 
GENERATOR 



Figure 1. 82284 Block Diagram 



' l\/1ultibus is a patented bus of Intel 




Figure 2. 
82284 Pin Configuration 



.: e;i!ijrotir:r.'o 
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Table 1 . Pin Description 



The following pin function clea^$lgayl@ cftlptge^-gi^ i O ^ = ^ 



Symbol 


Type 


Name and Function 


CLK 





System Clock is the signal used by the processor and support devices which must be synchro- 
nous wU|^^^rocessor. The ^uency o&Me^G^ mitou^h^ Mc^ the desired Internal pro- 
cessor cl%K trequency. CLK can drive botnrTL anoMOS lev^l Inputs. 


m 


'Viq 


Frequency^Qiystal 9g[9ei Is a^trapping option to select the source for the CLK output. When 
F/C is strapped' LOW, me internal crystal oscillator drives CLK. When F/C is strapped HIGH, 
the EFI input drives the CLK output, v -j.-i 3 


X1, X2 




Crystal In are the pins to whic^ a parallel resonant fundamental mode crystal is attached for 
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at the 
crystal frequency. The crystal frequency must t>e twice the desired internal processor clock 
frequency.. , . .c . . . •.. *ftf;i<' 


m pi - 



,1© 


External FiequencyeliMlrives CLK when ttie F/S input is strappBa»il6M.1%ei^ fA0^fHfi 
quency must ^ tvvipe,ttH9 cjesired internal processor clock frequency. 


PCLK 





PorinhomI ^Int'lr ic an ai itnt it uuhi^h nmuirioc a ^(Wn Ht ilv purlin Hnpk uuifh 1 19 tllA'ffAni lAnpv nf 

CLK. PLCK will be in phase with the internal processor clock following the first bus cycle after 
the processor has been reset. 




1 


Msyncrironuus nociciy cncioic ib ai i ct^u vc i—wvv ii ipui wi iii^i i i^uaiii ico inc nriu i ii i|jui> 

ARDYEN selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN 
may be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed 
response to synchronous inputs. 




1 


AaunpKmnmie DaaHu Ic Qn ta/*'ti\fa t OVA/ inrtiit i icoH t/~i tarminoto tho ciirrorti Kmc "THo 
Msy III UIIUU0 nciJUy lo di i dLfiivc L.wvv iii^ui uscu i\J iciiiiifiaic ii ic L'Uiiciil uus t.>yoic i i ic 

ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to CLK. 
Setup and hold times are given to assure aguaranteed response to synchronous inputs. 




1 


Synchronous Ready Enable is an active LOW input which qualifies SRDY. SRDYEN selects 
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times 
must be satisfied for proper operation. 


SRDY 


1 


oyncnronous neauy la dii duiivc i_^vv iiipui Uocu ifj ici inii lait; iiic uuirciu uuo uyuio. i iic ori u/ 1 

input is qualified by tfie SROTEfi inpii$.~Setup and'hold times must be satisfied fia|!fra|ferop^- 

ation. 


READY 





Ready is an active LOW output which signals the current bus cycle is to be completed. The 
SRDY, SRDYEN, ARDY, ARDYEN, 81 , SO and RES inputs control READY as explained later in 
the READY generator section. READY is an open collector output requiring an external 300 
ohm pullup resistor. 


SO, ST 


1 


Status Inputs prepare the 82284 for a subsequent bus cycle. SO and SI synchronize PCLK to 
the internal processor clock and control READY. These inputs have pullup resistors to keep 
them HIGH if nothing is driving them., Setup and hold times must Ije satisfied for proper oper- 
ation. _ .. , j., . 


RESET 





Reset is an active HIGH output which is derived from the RES input. f^SET is used to force the 
system into an initial state. When RESET is active, READY will be active (LOW). 




1 


Reset In is an active LOW input which generates the system reset signal RESET. S 
RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on 
that an RC circuit can be used to provide aitime delay. Setup and fioi^ times are given t 
a guaranteed response to synchronous i|tpute: — j — to— 


gnals to 
RES, so 
3 assure 


mo 




System Power; -I-5V power supply ' --• '-I ' .-J>— — 

System Ground: volts ' 





FUNCTIONAL DESCRIPTION 
Inftroduction 

The g^e^tes the clock, ready, and reset sig- 
reti0re& for iAPX 286 processors and support 
Oiinpoi^nts. The 82284 is packaged in an 18-pin DIP 
ar«J contains a crystal controlled oscillator, MOS 
clock generator, peripheral clock generator. Multibus 



ready synchronlzaUoalogiCiand systeiti re^tgeriera- 
tion logic. j 

Clock Generator 

The CLK Mput i^idiesthe basic tirrring control for 
an IAPX 286 system. CLK has output eMWatlMristics 
sufficient to drive MOS devices. CLK Is germrated by 
either an internal crystal oscillator or ah external 
source as selected by the F/C strapping optton. When 
lemi to -jiid 6 «l c>.u ;^ 



82284 



F/C is LOW, the crystal oscillator drives the CLK out- 
put. When F/C is HIGH, the EFI input drives the CLK 

output. 

The 82284 provides a second clocl< output (PCLK) for 
peripheral devices. PCLK is CLK divided by two. 
PCLK has.a duty .cycj^ of 50%,.?^^) TTIy.putp!Jt{:(r-iwe» 
characteristics. PCLk Is normatly4jiy.nc^oiti^sd,to<tW 
internal processor clock. 

After reset, the PCLK signal may be out ofphase with 
the internal processor clock. The ST and SO signals of 
the first bus cycle a.e used to synchronize PCLK to 
the internal processor clock. The phase of the PCLK 
output changes by extending its HIGH time beyond 
one system clock (see waveforms). PCLK is forced 
HIGH whenever either SO or ST were aptive (LOW) for 
the two previous CLK cycles. PCLK continues to fs* 
cillate when both SO and ST are HIGH. 

piince the phase of the internaLprocessor clock wUI 
iot change except during reset, the phase of PCLK 
Will not change except during the first bus cycle after 
i;eset. 

Oscillator 

The oscillator circuit of th&-S2284 is a linear Pierce os- 
otilalor which requires an externar parallel resonant, 
■itndamental mode, crystal. The output of the oscilla- 
tor is Interjially buffered. The crystal frequency cho- 
sen should be twice the required internal processor 
clock frequency: The crystal should have a typical 
load capacitance of 32 pF. 

X1 and X2 are the oscillator crystal connections. For 
stable operation of the oscillator, two loading capaci- 
tors are recommended, as shown In Figure 3. The 
sum of the board capacitance and loading capaci- 
tance should equal the values shown. It is advisable to 
limit stray bbanj Ga;pacitances (not including the effect 
of the loading capaciter-s or crystal capacitance) to 
l6ss than 1 pF between the X1 and X2 pins. 



38pF: 



1 1 
I I 



10pF 



CLK 

iAPX 286 
CPU or 
SUPPORT 
COMPONENT 



READY 



Reset i@bera^n -■'^-■^-^ 

..^r , - ..,..v3TS 

The; reset logic proMWes .the RESET oatPM* itodf2!^ 
the system into a known, initial state. Wlien the«R^ 
input is acti ve (LO W), the RESET output becomes ac- 
tive (HIGH). RES is synchronized internally at the fall- 
ing edge of CLK before generating the'RESET output 
(see waveforms). SynChronizktlon''OT the RES 
input Introduces a one ortWb CLK delay beifore affect- 
ing the RESET output. 

At power up, a system does not ha ve a s table V^c an* 
CLK. To prevent spurious activity, RES should be as- 
serted until and CLK stabilize at their operating 
vajy^,^. U^PX 286 processors and support connpo^ 
nents also require their RESET inputs be HIGH afnini;- 
mum number of CLK cycles. An RC netv^ork, as. 
^own ift Pl^ufS 4V«fff fits L©VV leWt efei%H W 
satisfy both needs. 





1 




1 V>A^-i 


;ioKii 


82284 

RiS 


47n 

1 = 




i 






1 r- 







Figure 3. 



Recommended Crystal and Ready 
Connections 



Figure 4. Typical RC RESET Timing Circuit 

A Schmitt trigger input with hysteresis on iRES as- 
sur^j^ingJe tfwpipn Qf_l=tESET with 3(1, RC circuit ' 
on Rt§:*lTO^1§fe"resis"separates the input voltage 
. JfestaLjl which the circuit output switches between 
HIGH totOW:from the input voltage level at which the j 
circu it output "swifches belvveen LOW to'i^lGH. The! 
RES HI GH to LOW Input transition voltage Is lower ; 
than the RES LOW to HI GH inp ut transition voltage. 
As long as the slope of the RES Input voltage remains 
in the sa me di rection (increasing or decreasing) 
around the RES input transition voltage, the RESET 
output will make a single transition. 

Ready Operation 

The 82284 acce|3ts two ready sources for the system 
ready signal which ter minate s the current bus cycle. 
Either a synchronous (SRDY) or asynchronous-ready 
(ARDY) source m ay b e used. Ea ch ready input has an 
enable (SRDYEN and ARDYEN) for selecting the type 
of ready source required to terminate the current bus 
cycle. An address decoder would normally select one 
of the enable inputs. 



A-77 



in* I. 



SRDYEN = or ARDY + ARDYEN 



when sam- 



pled by the 82284 READY generation logic. READY 
will remain active for at least two CLK cycles. 

The READY output has an open-collector driver al- 
lowing o ther ready circuits to be wire or'ed with it. The 
READY signal of an iAPX 286 system requires an ex- 
ternal 300 ohm pull-up resistor. To force the READY 
signal in active (HIGH) at the start of_a bus cycle, the 
READY output floats when either ST or 50 are sam- 
pled LOW at the falling edge of CLK. Two system 
clock periods are allowed for the pull-up resistor to 
pull the READY signal to V|^^. When RESET is active, 
READY is forced active one CLK later (see wave- 
forms). 



^H^fjcf^B*!!^?*^ °P^*'°" °^ SRDY and 



bHDYEN. These inputs are sampled on the falling 
edge of CLK when ST and SO are inactive a nd PCL K is 
HIGH. RE ADY is forced active when both SRDY and 
^^pN are sampled as LOW. 

Rguire 6 shoWs the operation of ARDY and 
ARDYEN; These Inputs are sampled by an internal 
synchronizer at each falling edge of CLK. The output 
of the synchronizer is then sampled when P CLK is 
HIG H. If the synchronizer resolved bot h the AR DY 
and ARDYEN inputs to ha ve bee n LO W, READ Y be- 
comes LOW. When both A RDY an d A RDYEN ha ve 
been resolved as active, the SRDY and SRDYEN in- 
puts are ignored. 



READY remains active until either 5T or SD are sam- 
pled LOW, or the ready inputs are sampled as inac- 



I isite 9ijyo euo •?vi pri; Qniiut' 
I 




Figure 5. Synchronous Ready Operation 
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I%ura<6. Acynehrbnous Ready Operation 



ABSOLUTE MAXIMUM RATINGS* f" 

Temperature Under Bias ............ CC to 70°C 

Storage Temperature -65°Cto +150°C 

All Output and Supply Voltages . , -0.5V to -f-7V 

All Input Voltages -1 .OV to -I-5.5V 

Power Dissipation 1 Watt 



Wee: Stresses above Wose listed under "Absolute 
l^axtmim Ratings" may-cause permanent damage to 
Urn device. This is a stress rating only and functional 
operatlomirihB deviss |?^„ese or any other ccfuHA 
tlons above those indi^ied in the operatiaml'.sec-\ 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods fnay affect itevice reliability. 



D.C. CHARACTERISTICS (i^ = 0°C to 70°C, v^c = 5V ± i o%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


If 


Forward Input Current 




■''-0.5 


mA 


.lot' 'i..Q^. 

Vp = 0.45V 










In 


Reverse Input Current 




50 


uA 


V„ = 5.25V 


Vc 


Input Forward Clamp Voltage 




-1.0 


V 


lc--5mA „ - 


Ice 


Power Supply Current 




145 


mA 


Am*'" ■ 


V,L 


Input LOW Voltage 




0.8 


V 


tqat t'^.S 


V,H 


Input HIGH Voltage 


2.0 




V 
















^CH 


CLK Output HIGH Voltage 


4.0 




V 


'oh " ""^ 


^OH 


Output HIGH Voltage 


2.4 




V 


loH--1mA 




RES Input HIGH Voltage 


2.6 




V 




V -V 


RES Input Hysteresis 


0.25 




V 




C, 


Input Capacitance 




10 


PF 





AFN-00786B 
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|tee;-^iftRACTEWSTICSTT7= 0»<rio7B*Cr\?ci^5V± 10%^ 



Symbol 


Paranwtar 


1 IMlla ^ 






1 Test Conditions 


ti 


EFI 10 GLK Delay 




40 


ns 


at 1 .5V 

Cl = 1 50 pF 

'oL = 5 ma 




EFI LOW Time 


32 




ns 




EFI HIGH Time 
' ^taa'^ ^ 


28 




ns 


«4 


CLK Period 


55 


500 


ns 




CLK LOW Time 


15 




ns 


at 0.6V if 3 

See Note 1 

at 3.8V 


te 


CLK HIGH Time 


20 




ns 


«7 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 

See Note 2. 


te 


CLK Fall Time 




10 


ns 


«9 


Status Setup Time 


22.5 




ns 






Status Hold Time ■ 







ns 












til 


SRDY+SRDYEN Setup Time 


15 




ns 




SRmr-fSROYEN Hold Time 







ns 


at 0.8V and 2.0V on input 
and 0.8V on CLK 


<13 


ARDY+ARDYEN Setup Time 







ns 


t,4 


ARDY + ARDYEN Hold Time 


16 




ns 




t,5 


RES Setup Time 


16 




ns 


tl6 


RES Hold Time 





— 


ns 


tl7 


READY Inactive Delay 


5 




ns 


at 0.8V 

Cl = 150 pF 
Iql = 20 mA 


*I8 


READY ^^veOf^, ^t.„ 


. 


24 


ns 


tl9 


PCLK Delay 





40 


ns 


at 0,8V on CLK to 

See Note 3. 
0.8V or 2.0V on output 


*20 


RESET Delay 





40 


ns 














t21 


PCLK Low Time 


t4-12.5 




ns 


at 0.6V 

See Note 3. 














PCLK High Time 


t4-12.5 




ns 


at 3.8V 



l|lale1.C^ = 
Note 2. C, ~ 



ijtate 



C, 



ISO pF, Ig^'? Sn^Wlth eithM (he Internal 

= 150 pF 
= 5 mA 

= 5 mA 

■75pF 



1 the reoomm^nded cryst»aRd.49attier8«£Ft inplA. 



ASB0 
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Waveforms 



CLK as a Function of EFI 

® © 



©- 




® 



NOTE: The EFI input LOW and HIQH times as shown are required to 
guarentes the CLK LOW and HIGH times shown. 



RESET and READY Timing as a Function of 1^ 
with ST and SQ HIGH 




Depends 



ndson W prewtou* jF 



\\\\\V\\\U\\\\vA\NN;\\U\\\'A\\\\\\\\W\\\\\\\\\\\U^^^^^ 



I. 



NOTE 1: This is an asynchronous input. The setup and hold times 
shown are required to guarantee the response shown. 



READY and PCLK Timing witli RES HIGH 




NOTE 1: This is an asynchronous input. The setup and hold times 
shown are required to guarantee the response shown. 



i53H to nottc. 
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82288 
BUS CONTROLLER 
FOR iAPX 286 PROCESSORS 



Provides Commands and Control for 
Local and System Bus 



■ Optional Multibus* Compatible 



Timing 



■ Offers Wide Flexibility in System 
Configurations 

■ flexible Command Timing 



■ Control Drivers withi 16 ma lot and 
3- State Command DrlxtaLMil! 
32 ma Iql T 



< ^Higle^MiSuiiply 

The Intel 82288 Bus Controller Is a 20-pln HMOS comptifienLfprjJSe in IAPX 286 microsystems. The bus 
controller provides command snd.eontrol outputs will) flftilblft timing options. Separate command out- 
puts are used for memdi^ att|to(Stevlces. The data5us|1s^ri{fo11eiw^h separii«»^^ 
tlon control signals. 

Two modeaof operation are possible via a strapping option: Multibus compatible bus cycles, and high 
speed bus eycies. 

' - I • i ^ i I 



COMMAND 

OUTPUTS 



SO- 
H- 
M/IB- 



CONTROL 
. INPUTS 

CEN/AEN- 

CENL— 

CMDLY— 



READY- 



STATUS 
DECODER 



COMMAND 
OUTPUT 

Loaic 





ST 
MA< 


ATE 

;hine''>>! 



CONTROL 
INPUT 
LOGIC 



CONTROL 
OUTPUT 
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Figure 1. 82288 Block Diagram 



Figure 2. 82288 Pin Diagram 
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Table 1. Pin Description , 

The following pin function descriptions are for the 82288 bus coritroller. 



Symbol 



Type 



Name and Function 



CLK 



System Clock provides the basic timing control for the 82288 in an lAPX 286 micro- 
system. Its frequency is twice the internal processor clock frequency. The falling edge 
of this Input signal establishes when Inputs are sampled and command and CQn,trol 
outputs change. . - ■ > ^ft^.tf titer n 



SO, 81 



Bus Cycle Status starts a bus cycle and, along with M/IO, defines the typepf bus cycle. 
These inputs are active LOW. A bus cycle is started when either 5l or SO is sampled 
LOW at the falling edge of CLK. These Inputs have pullups sufficient to hold them HIGH 
wNMlUiothlng drives them. Setup and hold times must be met for proper operation. 



-.tf:..i 



lAPX 286 Bus Cycle Status Oeflnltiqn 



IH/IO 


S1 


SO 


Type of Bus C^de ,i rp :.i o 











Interrupt aekfSjiwIeilffB " Yio.. 








1 


I/O Read 





1 





I/O Write 





1 


1 


None: idle 


1 








Halt or shutdown .q 31s nO' 


1 





1 


Memory read 


1 


1 





Memory write 


1 


1 


1 


None; idle 
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Memory or I/O Select determines whether the current bus cycle is in the memory space 
or I/O space. When LOW, the current bus cycle Is in the I/O space. Setup and hold times 
must be met for proper operation. 



MB 



Multibus Mode Select determines timing of the command and control outputs. When 
HIGH, the bus controller operates In Multibus mode. When LOW, the bus controller 
optimize s the command and control output timing for short bus cycles. The function of 
the CEN/AEN input pin is selected by this signal. This input is intended to be a strapping 
option and not dynamically changed. This input may be connected to Vqc or GND. 



CENL 



Command Enable Latched is a bus controller select signal which enables the bus con- 
troller to respond to the current bus cycle being initiated. CENL is an active HIGH input 
latched internally at the start of each bus cycle. CENL is used to select the appropriate 
bus controller for each bus cycle In a system where the CPU has more than one bus it 
can use. This input may be connected to VCC to .select this 82288 for all transfers. No 
control ifnputVaffect CENL Setup and hold times must be nFilet for proper operation. 



Command Delay allows delaying the start of a command. CMDLY is an active HIGH 
Input. If sampled HIGH, the command output Is not activated and CMDLY is again 
s ampled a t the next CLK cycle. When sampled LOW the selected command Is enabled. 
If READY Is detected LOW before the command output is activated, the 82288 will ter- 
minate the bus cycle, even if no command was i^DJff^SMup^dJje^ tiiries^aat be 
satisfied for proper operation. This input may be comnBteb to ^04f^ MajfSftMM'e) 
quired before starting a command. j f '-( 'v, 



READY Indicates the end of the current bus cycle. READY lis an active lOW Input, 
Multibus mode require s at least one wait state to allow the command j>utj>uta to 
become active. READY must be LOW during reset, to force the82288 into the idle'state. 
Setup and hold times must be met for proper operation. 
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' ■ I'- jlBtttoilgiPIn Description (Cont.) 02'. 



Symboi 


Type 


■ ' — : — . . • -1 , 

Name and Function 


cenMn 


1 


Command Enable/Address Enable controls the command and OEN outputs of the bus 
controller. CEN/AEN Inputs may be asynchronous to CLK. Setup and ftpld ,tirn)|S are 
given to assure a guaranteed response to synchronous inputs' this inpuf xpi^V p^.con- 
nected to Vcc 01' GND. " ' 

When MB Is HIGH this piri has the AEN function. AEN Is an active LOW Input which In- 
dicates that the CPU has tieen granted use of a shared bus and the bus controller com- 
mand outputs may exit 3-state OFF and become Inactive (HIGH). AEN HIGH indicates 
that the CPU does not have control of the shared bus and forces the command outputs 
into 3-state OFF and DEN inactive (LOW). AEN would normally be controlled by an 
82289 bus arbiter w/hich activates AEN when that arbiter owns the bus to which the bus 
contr?!jl9f; i(s «tta^lP«|«S5;'j 

When MB Is LOW this pin has the CEN function. CEN is an unlatched active HIGH input 
which allows the bus controller activate its command and DEN outputs. With MB LOW, 
CEN LOW forces the command and DEN outputs inactive but does not tristate them. 


ALE 





Address Latch Enable controls the address latches used to hold an address stable dur- 
ing a 4}ueoyClet:'^fs Control output Is active HIGH. ALE will net be issued for the halt 

hriQ puftiA l^hH f orrtM^A^flnAtoH anv nf tho pnntrnl inniltQ 
ijU3 ujuio ai lu 13 M\>f ciitov>lou uy ally ui iiic ^uiiiiui iii^uLo. 


MCE 


.■1 t 


Master Cascade Enable signals that a cascade address from a master 8259A Interrupt 
controller may be placed onto the CPU address bus for latching by the address latches 
underAlf cont'rok ThsiGPU's address bus may then be used to broadcast the cascade 
address to slave ihterrupt'Controllers so only one of them will respond to the interrupt 
acknowledge cycle. This control output is active HIGH. MCE is only active during inter- 
rupt acknowledge cycles and is not affected by any control input. Using MCE to enable 
cascade address drivers requires latches whiqh. save (he cascade address on the falling 
edge of ALE. 


DEN 





Data Enable controls when data transceivers connected to the local data.t>us should 






be enabled. DEN is an active HIGH control output. DEN Is delayed for write cycles in 
the Multibus mode. 


DT/R 


o 


Data TransmitfReceive establishes the direction of data flow to or from the local data 
bus. When HIGH, this control output indicates that a write bus cycle is_being performed. 
A LOW indicates a read bus cycle, DEN is always Inactive when DT/R changes states. 
This output is HIGH when no bus cycle is active. DT/R Is not affected by any of the con- 
trol inputs. 


lOWC 


o 


I/O Write Command instructs an I/O device to read the data on the data bus. This com- 
mand output is active LOW. The MB and CMDLY inputs control when this output 
becomes active. READY controls when it becomes inactive. 


lORC 





I/O Read Command instructs an I/O device. to place data onto the data bus. This com- 
mand cutout is active LOW. The MB and CMDLY inouts control when this output 
becomes active. READY controls when it becomes inactive. 


MWTC 


p.; .... 


; Mempiy.Vfrit^. Command instfucte 3>nM'<fi$^>f^^ ^Jf^^ t|)%data on the data bus. 
This commahd output is active ICow. The MB and CMDLY inputs control when this out- 
put becomes active. READY controls when It becomes inactive. 


MRDC 





iUemory Read Command Instructs the memory device to place data onto the data bus. 
This command cutout Is active LOW. The MB and CMDLY Inputs control whwi tllis out- 
put becomes active. READY controls when it becomes inactive. 


INTA 





interrupt Aclcnowledge tells an Interrupting device that its interrupt request is being 
acknowledged. This command output is active LOW. The MB and CMDLY inputs con- 
trol when this output becomes active. READY controls when it becomes inactive. 


vcc 




System Power + 5V power supply 


GND 




System Ground: volts 
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Introduction 

The 82288 bus eorifroller is used in iAPX 286 
systems to provicle address latch control, data 
transceiver control, and standard level-type com- 
mand outputs. The command outputs are timed 
and have sufficient drive capabilities for large TTL 
buses and meet all IEEE-796 requirements for 
Multibus. A special Multibus mode is provided to 
statisfy all address/data setup and hold time re- 
quirements. Command timing may be tailored to 
special needs via a CMD LY input to determine the 
start of a command and READY to determirie the 
end of a command. 

Connection to multiple buses are supported with 

a latched enable input (CENL). An address 
decoder can determine v^/hich, if any, bus con- 
troller should be enabled for the bus cycle. This 
input is latched to allow an address decoder to 
tal<e full advantage of the pipelined timing on the 
iAPX 286 local bus. 

Bi^s shar ed b y several bua contFOlleifS aree sup^ 
poaeilvAn AEN Input prevent tb» bu^ eoMratt^ 
from <wM<ii'tM:sMa-ed bus ($airitti»tfif'ifiif'^fii' '■ 



siyimis excepi wnen ensDied by an external bus 
arbiter such as the 82289. 

Separate DEN and DT/R outputs control the data 
transceivers for all buses. Bus contention is 
elirninated by disabling DEN before changing 
DT/R. The DEN timing allowjs sufficient time for 
trist^tf^ ,ljy^.^drivers, to enfer 3-stata OFF before 
enattling-other drivers ontb the same bus. 

The term CPU refers to any IAPX 286 processor or 

IAPX 286 support component which may become 

an iAPX 286 local bus master and thereby drive the > 

82288 status inputs. i I 

1 

Processor Cycle Definition 

Any CPU which drives the local bus uses an inter- 
nal PJocK vvlTich is. one. half th^ frememy ol||he : 
systerh clock (CLK) (see F^lgure 3). IfAowiedge of ; 
the phase of the local bus master internal clock Is 
required for proper operatiefT&FWS'B^PX 286 local 
bus. The local bus master informs the bus con- 
troller of its internal clock phase wtian tt asserts 
the status signals. Status signals are always 
asserted in Phase 1 of the local bus master's inter- 



VCH. 

CLK 
Va. 



-ONE PROCESSOR CLOCK CVCLE- 



PHASE 1 
-OF PROCESSOR 
CLOCK CYCLE 
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CLOCK CYCLE 
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Figure 3. CLK Relationship to the Processor Clock and Bus T-States 
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Bus State Definition 

The 82288 bus controller has three bus states (see 
Figure 4): Idle (T,) Status (Tg) and Command (Tq)- 
Each bus state Is two CLK cycles long. Bus state 
phases correspond to the Internal CPU processor 
clock phases. 

The T| bus state occurs when no bus cycle Is cur- 
rently active on the lAPX 286 local bus. This state 
may be repeated Indefinitely. When control of the 
local bus Is being passed between masters, the 
bus remains In the T, state. 




Bus Cycle Definition 

The SI and SO inputs signal the start of a bus cy- 
cle. When either input becomes LOW, a bus cycle 
is started. The Ts bus state is defined t£be the two 
CLK cycles during which either S1 or SO are active 
(see Figure 5). These Inputs are sampled by the 
82288 at every falling edge of CLK, When either SI, 
or Si5 are sampled LOW, the next CLK cjrelels cpn^ 
sidered the second phase of the internali-CSPU elocl^ 
cycle. '■"■"r ' "' 

The local bus enters the Tc bus state after the Tg' 
state. The shortest bus cycle may have one Tg state: 
and one T^ state. Longer bus cycles areiforijtedibyj 
repeating Tc statSft-A-ffepeaied Tc BQS'Srain? 

called a wait state. 



The I^EADY input determines wheth er the c urrent 
Tc bus state is to be repeated. The READY input 
has the same timing and effect for all bus cycles. 
READY is sampled at the end of each Tc bus state 
to see if it is active. If sampled HIGH, the Tc bus 
state is repeated. This is called inserting a wait 
state. The control and command outputs do not 
change during wait states. 



When READY is sampled LOW, the current bus cy- 
cle is terminated. Note that the bus controller may 
enter the Tg bus state directly from Tc if the status 
lines are sampled active at the ne)(t falling edge of, 

CLK. .gtuTiMO . :di.'i ■ \ :i,.n!r o 



Figure 4. 8^88 Bus States 
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FIsura 5. Bus Cycle Definition 
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Table 2. afhif eSnti^^utputs for Each Type of Bus Cycle ' 



Type of 
Bus Cycle 


M/IO 


SI 


so 


Command 
Activated 


DT/R 
State 


ALE, DEN 
Issued? 


MCE 
Issued? 


interrupt Acknowledge 











INTA 


LOW 


YES 


YES 


I/O Read 








1 


lORC 


LOW 


YES 


NO 


I/O Write 





1 





lOWC 


HIGH 


YES 


NO 


None; idle 





1 


1 


None 


HIGH 


NO 


NO 


Halt/Shutdown 


1 








None 


HIGH 


NQ 


NO 


Memory Read 


1 





1 


MRDC 


LOW 


Yes 


NO 


Memory Write 


1 


. 1 





MWTC 


HIGH 


YES 


NO 


None; Idle 


1 


1 


1 


Ncjne 


-1tl®M 


^NO— 


-NO"- 



Operating Modes 

Two types of buses are supported by the 82288; 
Multibus and non-Multibus. When the MB input is 
strapped HIGH, Multibus timing is used. In 
Multibus mode, the 82288 delays command and 
data activation to meet IEEE-796 requirements on 
address to command active and write data to com- 
mand active setup timing. Multibus mode requires 
at least one wait state in the bus cycle since the 
command outputs are delayed. The non-Multibus 
mode does not delay any outputs and does not re- 
qutta^waft staties. The MB Input^ffects the timlnj 
of Ihe ^immand and DEN outputs. 



9L 
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Cominatii and Control Outputs 

Tbs typ^ of bus cycle performed_by thejocal bus 
master lis encoded in the M/IO, 81, and SO Inputs. 
Different command and control outputs are ac- 
tivated depending on the type of bus cycle. Table 2 
Indicates the cycle decode done by the 82288 and 
the effect on command, DT/R, ALE, DEN, and MCE 

Ulj^UtBi.._ 



Bus cycles come in three forms: read, write, and 
halt. Read bus cycles include memory read, I/O 
read, and interrupt acknowledge. Th e timing of the 
asso ciate d read command outputs (MRDC,JORC, 
and INTA), control outputs (ALE, DEN, DT/R) and 
control inputs (GEN/AEN, CENL, CMDLY, MB, and 
READY) are identical for all read bus cycles. Read 
cycles differ only in which command output is ac- 
tivated. The MCE control output is ori|||rasserted 
during interrupt acknowledge cycles. ^^^.^ 

Write bus cycles activate different control and| 
icommanij outputs with different ^ming than read j 
jbus cycles^ Mjipdry write and l/O'Wilte jam write 
aus cy cles whose tlmingA^or command outputs ' 
WTC and 15WC), cqnUtj outputs (ALE, DEN,! 
jtB>-aiM U»otrol Jnpu t B (C E M/A ENyC ^ 
MB, and REWBVy arrf"l(S8f?«8al. Theyndtfer only In 
which command output is activated. 

Halt bus cycles are different because no command 
or control output is activated. All control inputs are 
ignored until the next bus cycle is started via 81 
-antSS: ■ "\ 
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Figures 6-10 show tfie basic command and control 
output timing for read and write bus cycies. l-lalt 
bus cycles ^re nd^ sHbwh sTticeifi^^lidftwitie no 
outputs. The basic Idte-readTidle and Idie-write-ldle 
bus cycles are sitown. The slgfral label CMD 
represents the appropriate coi;nmandi. output for 
ttiebus (3yci4. For Figures 6-10, the-6MDLY input Is 
connected to GND and CENL to Vcc- The effects of 
CENL and CMDLY are described later in the sec- 
tion on control inputs. 

Figures 6 and 7 show non-Multibus cycles. MB Is 
connected to GND while CEN Is connected to Vcc. 
Figure 6 shows a read cycle witti no wait states 
whiie Figu re 7 sho ws a write cycle with one wait 
state. The READY input is shown to iiiuisitlrate how 
wait states are added. 




Figure 6. Idle-Read-Idle Bus Cycles with MB = 
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Bus cycles can occur back to back with no T, bus 
states between Tc and Tg. Back to back cycles do 
not affect the timing of the command and control 
outputs. Command and control outputs always 
reach the states shown for the same clock edge 
|l|rtflfn %Tc,V tollowing bus state) of a bus cycle. 

A special case in contr6l timing occurs for badk to 
black write cycles with IVIB = 0. in this case, DT/S 
and DEN remaiiji HIGH bdtweertthe bus cycles|gpe 
Figure 8): The corrmrarfd and M£ outpot-ttming 
does not change. 

Figures 9 a nd 10 show a Multibus cycle with 
IVIB = 1. AEN and CMDLY are connected to GND. 
The effects of CMDLY and AEN are described later 
in the section on contrdi inputs. Figure 9 shows a 
read cycle with one walLstataandJElflutelllshows 
a write cycle with two yrait states. The second lA^ilt 
state of the write cycle is shown o nly for e xample 
purposes and is not required. The READY input is 
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Ftgura 8. Wrlta«Wms Bus Cycles with MB » 




Figure V Idle-RSad-ri^le ITus^byeim^tth rI^^ 




Back to back bus cycles with MB = 1 do ;nctf 
change the timing of any of the command or .con- 
trol outputs. DEN always becomes inactiv^^Sif- 
tween bus cycles with MB = 1. ' °' 

Except for a halt or shutdown bus cycle, ALE will 
be issued during the second half of Ts for any bus 
cycle. ALE becomes inactive at the end of the Tg 
to allow latching the address to keep it stable dur- 
ing the entire bus cycle. The address outputs may 
change during Phase 2 of any Tc bus state. ALE is 
not affected by any control input. ' 

Figure 11 shows how MCE is timed during inter- 
rupt acknowledge (INTA) bus cycles. MCE is one 
CLK cycle longer than ALE to hold the cascade 
address from a master 8259A valid afterthe falling 
edge of ALE. With the exception of the MCE con- 
trol output, an INTA bus cycle Is identical in tirri- 
ing to a read bu^@)i^^|t^|s not^iffgc^fd b»^y 
control input. 
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The MB control input affects the timing of the com- 
mand and DEN outputs. These outputs are 
automatically delayed in Multib}^ m{)^fi,to.s9{isfy 
three requirements: • .o.t - 

1) 50 ns minimum setup time for valid address 
be^^ore any command output becomes active. 

^SCj^ miMmum seti^^time'feri valid -write datia 

tm. - ' ••■ = ''■■^ ' 

3)65 ns maximum time from when any read com- 
. man(J| bgcomeg inaqtif.e, untij ..t;^y ||ayg;^ , ,r^ 
data dtivers reach,3-ssWe OF^^,,;- , ^ , , ', 

Three signal transitions are delayed by MB = 1 as 
compared to MB = 0: 

Ifjhe HIGH to LC W tra n sition of the read com- 
mand outputs <I©R?5, M^i, *rtil' INTA) ape 
'~ a^ayed bfre CLK'eyete. ' J c s ss^Hf^r: 

2) The HIGH to L OW tra nsiti on of t he write com- 
mand outputs (lOWC and MWTC) are delayed 
two CLK cycles. 

3) The LOW to HIGH transition of DEN for write 
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Figure 11. MCE Operation for an INTA^Bus Cycle 



jControl Inputs 

The control inputs can alter the basic timing of 
command outputs, itUovy in-terfacing' ta multiple 
buses, and share a bus between^' different 
jimsters. For'malii^iAPX 286 systems, eaSti CPU 
will have more thari one bus which may be used to 
perform a bus cycle. Normally, a CPU will only 
have one bus controller active for each bus cycle. 
Some buses may be shared by more than one CPU 
(i.e. IVlultibus) requiring only one of them use the 
bus at a time. 

f litems with multiple and shared buses use two 
snfroi inp ut si gnals of the 82288 bus controller, 
CENL and AEN (see Figure 12). CENL enables the 
bus cont roller to control the cur«^ bfus^de. 
9^<A@i<4tip»ut prevdrtts a b aa'd optrotl&rftiom'driv- 
ij%(%leoMIWar1d outfiuts. AeM'*ti(3M lAdans that 
another buis eontrollsi! n)ay?ttsiild*iting*tH»'Sttared 

'bus. ■ • 't:--- ;>~'V;i ?i rt =5i-'''^ 

In Figure 12, two buses are shown: a local bus and 
a Multibus. Only one bus is used tor each CPU bus 
cycle. The CENL inputs of the bus controllers 
select which bus controller is to perform the bus 
cycle. An address decoder determines which bus 
to use for each bus cycle. The 82288 connected to 
the shared Multibus must be selected by C ENL 
drtd be^^iv^n adce^ to the Multibus by AEN 
litd^4lwmlyt'^h'«Muitit$t<^'rd#6ration. 

.; ji.,'".. . - : O.J 



CENL must be sampled HIGH at the end of the Ts 
bus state (see waveforms) to enable the bus con- 
troller to activate its command.,and control out- 
puts. If sampled LOW the commands and DEN 
will not go active and dT/R will r^tii|it^<3H. The 
bus con troller will ignore the CMnSLY, GEN, ancl 
-FICAD¥- inputs until anoth6MM}us-^g|9 1^ started 
via SI and §0. Since an address de^jdin' is corri- 
monly used to identify which bus is required for 
each bus cycle, CENL is latched to avoid the need 
for latching its input. 

The CENL input can affect the DEN control out- 
put. When MB = 0, DEN normally becomes active 
during Phase 2 of Tj in write bus cycles. This tran- 
sition occurs before CENL is sampled. If CENL is 
sampled LOW, the DEN output will ^Jprced LOW 
during Tc as shown in the timing wavirorms. 

When MB = 1, CEN/AEN becomes AEN. AEN con- 
trols when the bus controll er c ommand outputs 
enter and exit 3-state OFF. AEN is intended to be 
driven by a bus arbiter, lil<e the 82289, which 
assures only one bus contro ller is driving the 
shared bus at any time. When AEN mal<es a LOW 
to HIGH transition, the command outputs im- 
mediately enter 3-state OFF and DEN is forced in- 
active. An inactive DEN should force the local 
data transceivers connected to the shared data 
bus into 3-state OF F (se e Figure 12). The LOW to 
HIGH transition of AEN should only occur during 

The y|GJH to LOW transition of AEN signals that 
ttie dus controller may now drive the shared bus 
command signals. Since a bus cycle m ay b e ac- 
tive or be in the process of start ing, AEN can 
become active during any T-state. AEN LOW im- 
mediately allows DEN to go to the appropriate 
state. Three CLK edges later, the command out- 
puts will go active (see timing waveforms). The 
Multibus requires this delay for the address and 
data to be valid on the bus before the commands 

When MB = 0, CEN/AEN becomes CEN. CEN is an 
asynchronous ri/iput which immediately affects 
Bt.be cofnrrtf^^ S^#EN outputs. When CEN 
makes a HIGH to LOW transition, the commands 

,! HOIM < )T,s 
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and DEN are immediately forced inactive. When 
CEN makes a LOW to HIGH transition, the com- 
mands and DEN outputs immediately go to the 
appropriate state (see timing waveforms). READY 
must still become active to terminate a bus cycle 
if CEN remains LOW for a selected bus controlier 
(CENL was latched HI@H|- 

■?.-miAf\ MUf-:'XAM HTUJOaaA 

f ■ ' cr ■ . . iiuiSi-iq'Ti&T Ai3t;'i-/.f. 
rli nffl ir i .\ n.-' .-ir.-., • < — 



Some memory lal" systems may require more 
address or write data setup time to command ac- 
tive than provided by the basic command output 
timing. To provide flexible command timing, the 
CMDLY input can delay the activation of com- 
mand outputs. The CMDLY input must be 
sampled LOW to activate the command outputs. 
CMDLY does not affect the control outputs ALE, 
MPP. DEN, and PT/R, 
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Figure 12. System Use of AEN and CENL 
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CMdt^Y ^ nrsitaampled on the falling edge of the 
OLK ending Tsl lf KHnpled HIGH, the command 
^iUtput is not activated, and CMDLY is again 
aribx9lM'l>it)'tl)eiYrMt fallMig'«dg»^^ CLK, Once 
emitectK&lsW, the proper (somMsnd ouff^Ut 
li^nilitjtetlve itmtiediatsiytTf MBuf!et>tf MS^I, 
tl»?(l««i»|*rwmrnand goes rttf^eialpfttrthaTi 
shown in Figures 9 and 10. 



READY can ternninate a bus cycle before CMDLY 
allows a connmand to be issued. In this case no 
com mands are issued and the bus controller will 
rliictlvate DEN and DT/R in the same ffiarffiifaSlf 
a command had been issued. 

Waveforms Discussion 

the wavjeforms show the timing relationships of In- 
puts and outputs and do not show all possible tran^ ~ 
sitlons of all signals In all modes. Instead, all' ' 
signal timing relationships are shown via the 
general cases. Special cases are shown when 
needed. The waveforms provide some functional 
descriptions of the 82288; however, most func- 
tional descriptions are provided in Figures 5 | 
through 11. _ j 



iFo find the timing specification for a signal transi- 
tion In a particular mode, first look for a special 
case in the wav^oi!ms.4fino special case applies, 
then! tise a titminS' ^MsificaUoA'toe VtimBsme or 
i!e>at«|ji||jne(im iwanotlw modRi^cf^s lii <- 

ABSOLUTE MAXIMUM RATt»ldS« 

Ambient Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°C to -n 150°C 

Voltage on Any Pin with 

Respect to G N D - 0.5V to -I- 7V 

, F?owet Dissipation 1 Watt 

'NOTICE: Stresses above those listed under "Ab- 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or 

- any other conditions above those indicated in the 
operational sections of this specification is not im- 
plied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device 

I reHablllty- ' 
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D.C. {#HiiP|Aj@MllSTICS (Vgc =5V ± io%, Ta = o'c to zo'C) 



Symbol 


^ Parameter 


Min 


Max 


Units 


Test Conditions 


Ice 


Power Supply Current 




100 


mA 




If 


Forward Input Current 
CLK Input 

Other Inputs 




- 1 

- .5 


mA 

mA 


Vf = 0.45V 
Vf = 0.45V 


IR 


Reverse Input Current 




50 


uA 


vr=vcc 


Vol 


Output LOW Voltaoe , , . 
Command Outputs "' ' 

Control Outputs 




.45 
.45 


V 
V 


IOU=32mA 
.- loL=''6'''A 






VOH 


Output HIGH Voltage 
Command Outputs 
Control Outputs 


2.4 
2.4 




V 
V 


•OH^ -S mA 


V|L 


Input LOW Voltage 


-0.5 


.B 


V 


|_- - - . >,14< 


VCL 


CLK Input LOW Voltage 


-0.5 


.6 


V 




V|H 


Input HIGH Voltage 


2.0 


VcC + 0-5 


V 




VCH 


CLK Input HIGH Voltage 


3,9 


Vrc - 0.5 


V 




lOFF 


Output Off Current 






uA 




CCLK 


CLK Input Capacitance 




10 


PF 




C| 


Input Capacitance 




10 


PF 





V 
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inteT - 82288 ^Wi^c^ei Qo^Foi^mYQ©^^ 



y^.C. CHARACTERISTICS (VcG»^*Ja5&rtA^~o*c to ro-C) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


ti 


CLK Period 


62.5 


250 


ns 


at 1.5V 


12 


CLK HIGH Time 


20 


235 


ns 


at 3.9V 


t3 


CLK LOW Time 


15 


230 


ns 


at 0.6V 


t4 


CLK Fall Time 




10 


ns 


3.5V to l.OV 


15 


CLK Rise Time 




10 


ns 


143V to 3.5V 


16 


M/IO and Status Setup Time 


22.5 




ns 




17 


M/IO and Status Hold Time 







ns 




18 


CENL Setup Time 


20 




ns 




19 


CENL Hold Time 







ns 


From 0.8V or 
2.0V on input 
to 0.8V on CLK 


HO 


READY Setup Time 


38.5 




ns 


111 


READY Hold Time 


25 




ns 


tl2 


CMDLY Setup Time 


20 




ns 


'13 












CMDLY Hold Time 







ns 




'14 




25 






ti<; 
* 1 


APKJ UJrilH Time 
AtiN PlOfO lime 


u 




ns 


NotG 1 


* 1 D 


Al_C, IVIOC MCIIV6 U6iay 


1 


1 


ns 




ll7 


Al F InArtiuA nplnu 




20 






II8 


LICI^ (VVni 1 C) lildUUVC PrUITI wCINl- 




00 


ns 




119 


DT/R LOW From CLK 




20 


ns 


Prnm n AW r\n PI VC 

riurii U.OV on oi_r\ 


I20 


DEN fREADl Artivp From DT/R 


10 


50 




to 0.8V or 2.0V 


121 


DEN (READ) Inactive Delay 


3 


15 


ns 


on output 


'22 


DT/R HIGH From DEN Inactive 


10 


40 


ns 


l0L= 16 ma 


'23 


DEN (WRITE) Active Delay 




30 


ns 


l0H = -1 nria 


124 


DEN (WRITE)1hactlvei Delay 


3 


30 


ns 


Cl=150 pF 


125 


DEN Inactive From CEN 




25 


ns 




126 


DEN Active From CEN 


L-- 




ns 




127 


DT/R HIGH From CLK And CEN 




50 


ns 


Note 2 


128 


DEN Active From AEN 




30 


ns 




129 


Command Active Delay 


3 


20 


ns 


l0L = 32 ma 


130 


Command Inactive Delay 


3 


15 


ns 


l0H= -5 ma 
Cl = 300 pF 
From 0.8V on CLK 


131 


Command Inactive From CEN 




25 


ns 


132 


Command Active From CEN 




25 


ns 


to 0.8V or 2.0V 


133 


Command Inactive Enable From AEN 




40 


ns 


on output 


t34 


Command Float Time ^ - -J: i — 




' 40 


ns 





Nots 1: AEN Is a asynclironous Input. AEN setup and t)old time Is specified to guarantee the response shown in the wavefom^. 
I Nots 2: T27 only applies tvbus cycles where MB = 0, the 822SS wosselseted, and DEN =0 when ths cycle termlnatad (IjaCause 
CEN = I». 
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WAViFORMS 




0-® 



II — u. 



STATUS, ALE, MCE, CHARACTERISTICS 



6.;^' -y.: 



7 








3 JA 




iC 




n 









±1 



u 



~1 



CENL, CMDLY, DEN CHAR/^CTESISTR^ 



J nt v.". 



81 •<SQ 



V 



• »1 fr'-v irjiw = I'lHQ line hf<Ci-jivo 



DEN 



CEN = 1 DURING WRITE CYCLE 

'V: 



CENL 




: 4,. 2U0'" 
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82288 



WAVEFORMS (Continued) 



READ CYCLE CHARACTERISTICS WITH MB = AND CEN = 1 ^ htiV^i ZOiTS- 



\-., 




MDLY 



•TOT" 



. mm 



\ 



mmim 



WRITE CYCLE CHARACTERISTICS WITH MB = AND CEN = 1 

T, H« To — 



CLK 
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VOH- 

DT/S 



CMDLY 



CMD 



W 



© 
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oiTqis aa jAr 8282/8283 

OCTAL LATCH 



jO f. ■■■■ -5826 S.I T 
)L>o;i>ij Uets-E 



■ Address Latch for lAPX 86, 88, 186, 
188, MCS-80®, Me^-8^MeS:4»»' , 
Famlies 

■ Migh Output Drive Capability for >'■. 
Driving System Data iu« -"<^ 

m Fully Parallel 8-Bit Data Register and 
Buffer 

■ Transparent during AMw Strobe 



■ "IT 



■ 3-State Output' 

20-Pln Package with 0.3" Center 

■r ' ' { 

oi No Output Low Noise when Entering; 
or Leaving IHIgh Impedance Staff . J 

a . Available in EXPRESS ' ' | 

I b<'b Standard Temperature Range I 
- Extended Temperature Range 



The B282 aitd 8283 are 8-bit bipolar iatches with 3-state output buffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts the Input data at its outputs while thg|2^ fef ^n^|. JJ|u^,,,all of the principal p^jph- 
eral and input/output functions of a mlcfoeomputer systm WjMJnsEltfM 



^ 1 

oil) : 1 


DO- 


1 









D 






CLK 





DIoC 


1 


20 


□ Vcc 


Dl, C 


2 


19 


jooi 




3 


18 


jm, 


o'lL 


4 


17 


□ DOi 


U,C 


5 


16 






6 


IS 


□ □5^ 


Disc 


7 


14 


jBBi 


DI7C 


8 


13 


3<^ 


sec 


9 


12 


□ 65? 


qndu 


10 


11 


□ STB 



Figure 1. Logic Diagrams 



Figure 2. Pin Configurations 
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Table 1. Pin Description 



Pbi 


Description 


STB 


STROBE (Input). STB is an input control 
puls6 ussd to strob6 data at tli6 data input 
pins (A0-A7) into the data latcties. This 
signal is active H\QH to admit input data. 
The data is latched at the HTGH to LOW 
transition of STB. 


5E 


OUTPUT ENABLE (Input). 5e is an input 
control signal Ntt^i^mmt-^aeM^ ^XXiWii 
enables the contents of the data latches 
onto the data output pin (Bfr-B;). OE t»|ng 
' Ihaci^ riiSM fbrc^tt^buiiMjVUfftfil to* 
their Mgh impedance stiite. .^vegj 


DI0-DI7 


DATA INPUT PINS (Input). Data presented 
at these pins satlsfyino Wtil^IillM^re-'i 
quirements when STB lis^ «tn>tl|s|0 and 
latched into the data input latches. 


DO0-DO7 

(8262) 


DATA OUTPUT PINS (Output). When OE is 
true, the data in the data latches is pre- 
sented as Inverted (8283) or non-inverted 
(Sa^MtabntotlM'tttltrdatpirt'pintt. ' 



\SiiftTIONAL DESCRirriON 



The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
lime requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line In its active HIGH state makes the latches appear 
transpauBBt.C^ais prsseoteci^ tUM^^Mtput pins by 
activating tTO DE'itipijtnii%.T™*i i^llTn'sM^ tlIGH 
the output buffers are in their high im^iSmMi Utate. 
Enabling or disabling the output buffers will hot cause 
negathMit^f<(ftiltelsl««)tii-taii#peaiiM|toC^ 

bus. n V n , . pn'lr! 1 



i«tti e 



j)uo elsie-C iliiw osrtolcl ii.loqrJ )>:.' ' 
eluqiuo eti ts sifib tuqrti »rlt stig-vni >.t 
tnetgyg leloqmoaoraim s )o aocjof 



IP" n < 



n. 



4- 

'X. 

ft. 

-r-l 



•1 r- 



::r^ ^^^^^ 
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8282/8283 



ABSOLUTE MAXIiHiM ttHTINQS* 'notice: stresses above those listed under "Absolute 

Maximum Ratings" may cause perminerttdama^ to the 
device. This ia-a sti^ rating only and functional opsrs- 

Temperature Under Bias 0*C to 70*C tion of the device at these or any other conditions abov^ 

Storage Temperature -65*C to + ISO'C those indicated in the operational sections of this specif I- 

All Output and Supply Voltages.-. -O.SV-to-^ 7V -cation is notimplied. Exposure to absolute maximum 

All input Voltages -vLOVto +S.SV rating etadltlons for extended periods ma^^tfaiadevl^ 

Power Dissipation X': : T.rmit' mM^. 

/■ '~x . / . 

I 

D.C. CHARACTERISTICS (Vcc = 5V ±10%, Ta = arc to 70°C) 



Symbol 


Parameter 


MIn. 


Max. 


Units 


Test Conditions 


Vc 


Input Clamp Voltage 




-1 


V , . . 




Ice 


Power Suppry Currerit 




160 


mA 




If 


Forward Input Current 




-0.2 


mA 


Vf = 0.45V 


Ir 


Reverse Input Current 




SO 




Vr = 5.25V 


Vol 


Output Low Voltage 




.45 


V 


loL = 32 mA 


VOH 


Output High Voltage 


2.4 ' 




V 


loH =.- -5 mA 


•off 


Output Off Cun-ent 




±50 


mA 


VoFF = 0.45 to 5.25V 




Input Low Voltage 




0.8 


V 


Vcc = 5.0V See Note i 


V,H 


Input High Voltage 






V 


Vcc = S.OV Sm Hotel 




Input Capacitwice 

V. .1 


— m" w 


12 


PF 


F = 1 MHz 

Vb,as = 2.5V, Vcc=5V 



NOTE: 



1. Output Loading Iql = 32 mA, ioH = -5 mA, Cl = 300 pF.* 



A.C. CHARACTERISTICS (Vcc = sv ±10%, Ta = 0°C to 70°C (See Note 2) 

Loading: Outputs — Iql = 32 mA, Iqh = -5 mA, Cl = 300 pF") 



Symbol 


Parameter 


Mbi. 


Max. 


Unit* 


Test Conditions 


TiVOV 


Input to Output Delay 
—Inverting 
—Non-inverting 


5 
5 


22 
30 


ns 
ns 


(See Note 1) 


TSHOV 


STB to Output Delay 

— Inverting 

— Non-Inverting 


10 
10 


40 
45 


ns 
ns 




TEHOZ 


Output Disable Time 


s 


18 


ns 




TELOV 


Output Enable Time 


10 


30 


ns 




TIVSL 


Input to STB Setup Time 







ns 




TSLiX 


Input to STB Hold Time 


25 




ns 




TSHSL 


STB High Time 


15 




ns 




TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTE: •Ct = 200 pF for plastic 8282/8283. 

1. See waveforms and test load circuit on following page. 

2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30; 
TSHOV = 45, 55; TEHOZ = 25; TELOV = 50. 



AFNW727E 



: J. I 

A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT OUTPUT 



*■* * 

OJs ' 



■ 1.5 TEST POINTS ^ 1.5 



A.C. TESTING: INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC I AND 0.45V FOR 
A LOGIC -O. TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1 AND 0. INPUT RISE AND FAlL TIMES ARE MEASURED FROM 
0.8V TO AND ARE DRIVEN AT 5ns > 2ns. 

■ — rr^ — V» 



Oil ii' 



OUTPUT mT L(MD CIRCUITS 



ve-. 




/So, i 


Ant ■ 





300 pF- 



2.14V 



' ). 



*aeo pPtor plastic 8282/8283. 



i -.ni>if! ;r;4T 
ir 9(1-' , ' 



»f tlrnv 



..1.-. 



e.iiiT 1:'. 



KU; j 



i«! i vojaT ;ar. 



intel 



8282/8283 



WAVEFORMS 



X 



-Htehoz-- telov-» 

V0H-.1V 



> — < 



NOTE: 1. OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.SV UNLESS OTHERWISE NOTED. 




Output Dalay vs. 
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eor-A 



8286/8287 
OCTAL BUS TRANSCilVER 



■ Data Bus Buffer Driver for iAPX ■iiaiiMtt'-Pj6l3iiifr:witbO^^ 
86,88,186,188, MCS-SOTM, MCS-85TM, ^ " ' 

and MCS-48™ Families 

Driving System Data Bus 

■ Fuliy Parailel a«lt TNinsoeiv»rs ■ Available in EXPRESS 

- Standard Temperature RVAi^' Oi^s--^ 

■ 3-State Outputs - Extended Temperature J||^|^^ 

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inve^s, the input data at its outputs 
white the 8286 does r>ot. Thus. » Wide vartety of applicatioris^bfiftiHiSgniVlHliiii^ddhP^ ij^terrii'can Bj^l cneti'' 
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, Table 1. Pin Description „ 

— H3Vl3w>rty^Mn i oo'v^ — : : ..^-J , 


Symbol 


Typo 


Nam* and Function 


T 


1 


Tranamtt: T is an Input control signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver's B0-B7 as outputs with A0-A7 as inputs. T LOW configures A0-A7 as 
the outputs vifith B0-B7 serving as the inputs. 


of 


1 


Output Enable: OE is an input control signal used to enable the appropriate output driver (as 
selected by T) onto its respective bus. This signal is active LOW. 


A0-A7 


I/O 


Local Bus Data Pins : These pins serve to either present data to or accept data from the processor's 
local bus depending upon the state of the T pin. 


Bg-B7(8286) 
k*iS^B7(8287) 


I/O 


System Bus 04ta PIna: These pins serve to either present data to or accept data from the system 
busdependmB^goji-ljtestieofttwTpln. ^tU^^^^O 4 VtK. rVqHjO rij»i i li 



sua BlsO r • ^ •? ff' vr V 



FUNCTIONAL DESCRIPTION 



The 8286 and 8287 transceivers are 8-bit transceivers vi/ith B0-B7 pins is driven onto the A0-A7 pins. No output low 
high impedance outputs. With T active HIGH and OE ac- glitching w/ill occur v^henever the transceivers are enter- 
tive LOW, data at the Aq-A7 pins .is driven onto the Bq-B? ing or leaving the high impedance state. 



} !< 'Oft* ' -J 



; B-T • ■,>-' - 
-t 



.^i n 
fx 



mm 
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8286/8287 



TEST LOAD CIRCUITS 



3-STATE TO Vol 



B OUTPUT 



if: 100 pr* 

3«TATET0V0H 

BOUTPU?: 



Ar- 



?aiT£ 



2.1« 



3-STATE TO Vql 



A OUTPUT 



■ ■ 



3: 300 pT* 



B OUTPUT 



.0 A 



=p100pF 



A OUTPUT 



_i^msjt: AOUTPW.n 



'200 pF for plastic B286/8287 



/ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect devio^ 
reliability. ! 



D.C. CHARACTERISTICS (Vcc = +5V ±10%, Ta= o°c to 70°c) 



Symbol 


.Parameter 




Max 


Units 


Test Conditioiis 




Input Clamp Voltage 




1 

— 1 


V 


Ic ~ ~5 mA_.. 


Ice 


Power Supply Current— 8287 
—8286 




130 
160 


mA 
mA 


i 

± 


If 


Forward Input Current ' 




-0.2 


mA 




Ir 


Reverse Input Current 




50 


mA 


Vr = 5.25V 


Vol 


Output Low Voltage —B Outputs ' 
—A Outputs 




.45 
.45 


V 
V 


loL = 32 mA 
loL = 16 mA 


Vqh 


Output Hlgti Voltage —B Outputs 
—A Outputs 


2.4 
2.4 




V 
V 


'oH=-5mA 
loH = -1 mA 


'off 

lOFF 


Output Off Current 
Output Off Current 




If 
Ir 




VoFF = 0.45V 
VoFF = 5.25V 


V|L 


Input Low Voltage —A Side 
— B Side 




0.8 
0.9 


V 
V 


Vcc = 5.0V, See Note 1 
Vcc = 5.0V, See Note 1 


V|H 


Input High Voltage 


2.0 




V 


Vcc = 5.0V, See Note 1 




Input Capacitance 




12 


pF 


F = 1 MHz 

Vbias = 2.5V, Vcc=5V 
Ta = 25'C , 



h. B Outputs— loJ = 32 mA, loH = -SmA, Cl = 300 pF: A Outputs— Iql = 16 mA loH = -1 mA, Cl. = 1«> pf; 



A.C. CHARACTERISTICS (Vcc = +5V ±10%„Ta =. O-C to 70°C) (See Note 2) ■ • 

Leading:! B Outputs— Iql = 32 mA, Iqh = -5 mA, Cl = 3® pP X 

A Outpy^i— loL = 16 mA. Iqh = -1 mA, C^^ =v J?«§«fa., h ■ or ifo-.v 



Symbol 


Paramf 1 'I 


iiiNP A 


Mwt 


Uail* 




TIVOV 


Input to Output Delay 
Inverting 
Non-lnvertina 


5 

5 


22 

30 


ns 

ns 


(See Note 1) 


tehtv 


Transmit/Receive Hold Time 


5 


ns 


TTVEL 


Transmit/Receive Setup 


10 




ns 


TEHOZ 


Output Disable Time 


5 


18 


ns 


TELOV 


OutDut Enable Time 


10 


30 


ns 


TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8 V to 2.0V 


TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 8.0V 



•Cl = 200 pF for plastic 8286/8287 
NOTE: 



1. See waveforms and test load circuit on following page. 

2. For Bctended Temperature EXPRESS the f^iminary Maximum Values are TIVOV = » vs 22, 35 vs 30: 
TEHCa = 26; TELOV = 50. 

:l,5<|, (^^ AFN-oisoeo 



yum 



WAVEFORMS 





INPUTS ^ 


( 




) 


TEHOZ ]— TELOV— 

VoH-.1V 






■»Tivov-» 








OUTPUTS J 


( 


i 

y Vni + .IV 




T 


• TEHTV »| 


— TTVEL 



NOTE: 

1. All timing measurements are made at 1.5V unless otherwise noted. 




pF LOAD pF LOAD 



Ou^ut Delay versus Cepaettance 
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8207 

ADVAN0@3 DYNAMIC RAM CONTROLLER >«mva 



Provides All Signals Necessary to 
Control 16K (2118), 64K (2164A) and 
256K Dynamic RAMs 

Directly Addresses and Drives up to 2 
Megabytes without External Drivers 

Supports Single and Dual-Port 
Configurations 

Automatic RAM initialization in Aii 
iModes 

Five ProgramnMMe ReiR«ilhvM(i^M 
Transparent IMemory Scrubbing in 
ECC iVIode 



Supports Intel iAPX 86, 88, 186, atl#iB6 
IMicroprocessors 

Data Transfer Acknowledge Sigiift|^r ' 
Each Port 

Provides Signals to Directly Control the 
8206 Error Detection and CoMM|^|^nit 

Support Synchronous or 
Asynchronous Operation on Bther Port 

+5 Volt Only HMOSII Technology for 
High Performance and Low Power 



The Intel 8207 Advanced Dynamic RAM Controller (ADRC) is a high-performance, systems-oriented, Dynamic 
RAM controller that Is designed to easily interface 16K, 64K and 256K Dynamic RAMs to Intel and other 
microprocessor Systems. A dual-port interface allows two different busses to independently access memory. 
When configured with an 8206 Error Detection and Correction Unit the 8207 supplies the necessary logic for 
designing large error-corrected memory arrays. This combination provides automatic memory initialization and 
transparent memory error scrubbing. 
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Table 1. Pin lDe«cri|>tlon 







Type 






A 





ADDRESS LATCH ENABLE: In two-port configurations, when port A is running with 
1 APX 286 Status interface mode, this output replaces the ALE signal from the system 
bus controller and generates an agdre^s. Wdfy enable signal whjcl) jprcKt49f 9^- 
timum setup and hold timing for the 8207. ' , j , , j^: a»; 




•VtiS.. 





TRANSFER ACKNOWLEDGE PORT A/ACKNOWLEDGE PORTA: In non-ECC mode, 




this pin is XACKA and indicates that data on the bus is valid during a read cycle or 
that data may be removed from the bus during a write cycle for Port A. XACKA is a 
Multibus-compatible signal. In ECC mode, this pin is ACKA which can be configured, 
depending on the programming of the X program bit, as an XACK or AACK strobe. 
The SA programming bit determines whether AACK will be early or late. 


XACKB/ 

.♦■1 <'< ■■•J . 


3 





TRANSFER ACKNOWLEDGE PORT B/ACKNOWLEDGE PORT B: In non-ECC mode, 
this pin is XACKB and indicates that data on the bus is valid during a read cycle or 
that data may be removed from the bus during a write cycle for Port B. XACKB is a 
Multibus-compatible signal. In ECC mode, this pjn is AQ^B yhich can t»:^njtoufe4i , 
depending on the programming of the X progfatfif Hif ia%j\ X>63ff ?#lw{9<%ffb68. ' 
The SB programming bit determines whether AACK will be early or late. 


AACKA/ 
W2 


4 





ADVANCED ACKNOWLEDGE PORT A/WRITE ZERO: In non-ECC mode, this pin is 
AACKA and indicates that the processor may continue processing and that data will 
be available when required. This signal is optimized for the system by programming 
the SA program bit for synchronous or asynchronous operation. After a RESET, this 
signal will cause the 8206 to force the data to all zeros and generate the appropriate 
checl< bits. 


AACKB/ 
R/W- 


5 





ADVANCED ACKNOWLEDGE PORT B/READ/WRITE: In non-ECC mode, this pin is 
AACKB and indicates that the processor may continue processing and that data will 
be available when required. This signal is optimized for the system by programming 
the SB program bit for synchronous or asynchronous operation. This signal causes 
the 8206 EDCU to latch the syndrome and error flags and generate check bits. 




6 





DISABLE BYTE MARKS: This is an ECC control output signal indicating that a read 
or refresh cycle is occurring. This output forces the byte address decoding logic to 
enable all 8206 data output buffers. In ECC mode, this output is also asserted during 
memory initialization and the 8-cycle dynamic RAM wake-up exercise. In non-ECC 
mode synchronous local bus systems this signal may be used as an early WE output. 


;isii-: 


7 





ERROR STROBE: In ECC mode, this strobe is activated when an error is detected 
and allows a negative-edge triggered flip-flop to latch the status of the 8206 EDCU 
CE for systems with error logging capabilities. 


LOCK 


8 


1 


LOCK: This input Instructs the 6207 to lock out the port not being serviced at the time 
LOCK was Issued. 


Vcc 


9 
43 


1 
1 


LOGIC POWER: Molts.* 10%. Supplies Vcc <or the Interaat lagk; dircuits. 
DRIVER POWBt: -1-5 Volts ± 10%. Supplies Vcc out|l>utdlM«ra;. 


CE 


10 


1 


CORRECTABLE ERROR: This is an ECC input from the 8206 EDCU which instructs 
the 8207 whether a detected error is correctable or not. A high input indicates a 
correctable error. A low input inhibits the 8207 from activating WE to write the data 
back intO'-RAMi-Thls should be conne€tod~to the CE output of the 820^, 




11 


1 


ERROR: This is an ECC input from the 8206 EDCU and instruct VM HSSS^ Ql9t an 
error was detected. This pin should be connected to the EE^R Output >OttlM 8206. 


ipcix 


12 


o 


MULTIPLEXER CONTROL/PROGRAMMING CL0CK: Imntediately after a RESET 
this pin Is used to clock serial programming data Inf o the PDI pin. In normal two-port 
operation, this pin is used to select memory addresses from the appropriate port. 
When this signal is high, port A is selected and when it is low, port B is selected. This 
signal may change state before the completion of a RAM cycle, but the RAM address 
hold time is satisfied. 


PSEL 


13 





PORT SELECT: This signal is used to select the appropriate port for 4lt> transfer. 


PSEN 


14 


o 


PORT SELECT ENABLE: This signal used in conjunction with PSEL provides 

contention-free port exchange. When PSEN is low. PSEL is allowed to change state. 


WE 


15 





WRITE ENABLE: This signal provides the dynamic RAM array the write enable input 








for a write operation. - n , ,i,L^/»rw.iKi,v;i • 
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Tabl« 1. Pin Description (Continued) 


Symbol 


Pin 


Type 


Name and Function 


?WR 


16 


1 


FULL WRITE: This is an ECC input si9na|,tfia]higg:ructs the 8207, in an ECC configu- 
ration, whether the present write cycle Is tioitnaT-RAM write (full write) or* RAM 

partial write (read-modify-write) cycle. '■ ' 














RESET: This signal causes all internal counters and state flip-flops to be reset and 
upon release of RESET data appearing at the PDI pin is clocked in by the PCLK 
ntitniit ThA ^tfltn^ nf thA PDI PCTL A PHTLB and RFRO Dins are samDlBd^llir'RESET 


RESET 


17 


1 








going inactive and are used to program the 8207. 


CASO 


18 





COLUMN ADDRESS STROBE: These outputs are used by the dynamic RAM array to 


Ca§i 

CSS2 


19 
20 
21 







latch the column address, present on the AOO-8 pins. These outputs are selected by 
the BSO and BS1 as programmed by program bits RBO and RBI . Thesejmiljiipi^lMe 
the dynamic RAM array directly and need no external drivers. 


RASO 
RAS1 

Ra^ ■■■ . 


22 
23 
24^ 
26 ' 






o 


ROW ADDRESS STROBE: These outputs are used by the dynamic RAM array to latch 
the row address, present on the AOO-8 pins. These ouptuts are selected by the BSO 
and BS1 as programmed by prograrn bits RBO and RBI. These outputs drive the 
dynamic RAM array directly and need no external drivers. 


Vss 


26 
60 


1 
1 


DRIVER GROUND: Provides a ground for the output drivers. 
LOGIC GROUND: Provides a ground for the remainder of the device. 


AOO 
A01 
A02 


35 
34 
33 







ADDRESS OUTPUTS: These outputs are designed to provide the row and column 
addresses of the selected port to the dynamic RAM array These outputs drive the 

Hunnmif^ RAM nrrflU riirnf^ttu nnri npprt nn AYtprnfll rirluBr^ ' 


A03 
A04 
AOS 


32 
31 
30 









A06 
A07 
AOS 


29 
28 
27 




o 




AJ1.-J . 


BSO 
BS1 


36 
37 




BANK SELECT: These inputs are used to select one of four banks of the dynamic 

RAlUt srrflu Aft liAfinnH hu thA nrnnmvn hitft RRfl stnfi RRI 


ALO 

AL1 


38 

39 




ADDHKS UOVIi These lenwerrorder Address Inputs, are used to generate the row 


AL2 
AL3 
AL4 
AL5 
AL6 
AL7 
AL8 


40 
41 
42 
44 

46 

47 




JAUOITOMU^I M01T<^lrl ' " JARav^ 

MAH 


AHO 
AH1 
AH2 
AH3 
AH4 
AH5 
AH6 
AH7 
AH8 


48 
49 
50 
51 
52 
53 
54 
55 
56 




ADDRESS HIGH: These higher-order add^sS' inputs are used to generate the 
column address for the internal address multiplexer. 


PDI 


57 


1 


PROGRAM DATA INPUT: This input programs the various user-selectable options in 
the 8207. Tha PCLK pin shifts programming data into the PDI Input from' optional 
external shift registers. This pin may be strapped high or low to a default ECC (PDI = 
Vcc) or non-ECC (PDI = Ground) mode configuration. 


RFRQ 


56 


1 


REFRESH REQUEST: This input is sampled on the falling edge of RESET If it is high 
at RESET, then the 8207 is d^bgrammed for internal refresh request or external 
refresh request with failsafffTlifWietlbn. If it Is low at 'RESET, then the 8207 is 
programmed for external refresh without failsafe protection or burst refresh. Once 
programmed the RFRQ pin accepts signals to start an external refresh with failsafe 
£fo.te9tion or external refresh wIttvQut failsafe protection or a burst refresh. 
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Table 1 . An t3itei)4«Mdh (dbntlnuecfSi 



Symbol 


Pin 


Type 


Name and Function 


CLK 


59 




CLOCK: This input provides the basic timing for sequencing the internal logic. 


RDB 


61 




READ FOR PORT B: This pin is the re^ memory request command input for port B. 
This input also directly accepts the SI status line from Intel processors. 




62 




-^^^^^ ^ — \ m.Sfi 

WRITE FOR PORT B: This pin Is the vvrite memory request command inpUtf<sr|>^rtB. 
This input also directly accepts the SO status line from Intel processors. 


PEB 


63 




PORT ENABLE FOR PORT B: This pin serves to enable a RAM cycle request for port 
B. It is generally decoded from the port address. 


PCTLB 


64 

■ - 




PORT CONTROL FOR PORT B: This pin is sampled on the falling edge of RESET It 
configures port B to accept command inputs or processor status inputs. If low after 
RESET, the 8207 is programmed to accept command or lAPX 286 status inputs or 
Multibus commflSljElfi.-H Nsb.'after RESET.- tftg 82Q7? is programmed t«f accept status 
inputs from IAPX86 or iAPX 186 processors. The ^Status line should be connected 
to this input if programmed to accept IAPX 86 or IAPX 186 status Inputs. When 
programmed to accept commands or IAPX 286 status, it should be tied lower It may 
be used as a Multibus-compatible inhibit signal. ~ .V 




«S 


1 


READ FOR PORTA: This pin is the read memory request commafJd irfeutfof pbrtTC 
This Input also directly accepts the SI status line from Intel processors. 


WRa 


66 


1 


WRITE FOR PORTA: This pin is the write memory request command input for port A. 
This input also directly accepts the 50 status line from Intel processors. 


PEA 


67 


1 


PORT ENABLE FOR PORTA: This pin serves to enable a RAM cycle request for port 
A. It is generally decoded from the port address. 


PCTLA 


68 


1 


PORT CONTROL FOR PORTA: This pin is sampled on the falling edge of RESET It 
configures port A to accept command inputs or processor status inputs. If low after 
RESET, the 8207 is programmed to accept command or iAPX 286 status inputs or 
Multibus commands. If high after RESET, the 8207 Is programmed to accept status 
inputs from IAPX 86 or IAPX 186 processors. The §5 status line should be connected 
to this input if programmed to accept IAPX 86 or iAPX 186 statu^ll^pii^WNftn 
programmed to accept commands or IAPX 266 status, It should be tied le#elftnftB|f 
be connesled to INHlBJT.wheasiperatwig wiitti Multibus. 9.z | 



GENiBAL DESCRIPTION 

The Intel 8207 Advanced Dynamic RAM ContrQlJer 
(ADFKi),4s a mcrocQimputer periphecaliclevtee whlot);!i 
pcovict^ necessary slgnal& t&sieMdress,uTtei(resh 
and AlttkWf dt^ive 16K, 64K and 256K dynamic RAMs. 
'X^\s controller also provides the necessary arbitra- 
tteri circuitry to support duaf-port access of the 
dynamic RAM array. 

The ADRC supports several microprocessor inter- 
face options including synchronous and asynchro- 
jngH^^|*e|iJj(S>R,^p,i/!i(PX 86, iARX 88, IAPX 186, iAPX 
t28&&^iilpKiiill|-il)ll3i''h <^ 

This device may be used with the 8206 Error Detec- 
tion and Correction Unit (EDCU). When used with the 
8206, the 8207 is programmed in the Error Checking 
and Correction (ECC) mode. In this mode, the 8207 
provides all the necessary control signals for the 
8206 to perform memory initialization and transpar- 
ent scrubbing during refresh. 



FUNCTIONAL DESCRIPTION , 

fHpi^i^j llOirfiace ^, 



The 8207 has control circuitry for two ports each 
capable of supporting one of several possible bus 
structures. The ports are independently configur- 
able allowing the dynamic RAM to serve as an inter- 
face between two different bus structures. 



Each port of the 8207 may be programmed to run 
synchronous or asynchronous to the processor 
clock. (See Synchronous/ Asynchronous Mode) The 
8207 has been optimized to run synchronously with 
Intel's iAPX 86, iAPX 88, IAPX 186 and IAPX 286. 
When the 8207 is programmed to run in asynchro- 
nous mode, the 8207 inserts the necessary synchro- 
nization circuitry for the RD, WR, PE, and PCTU 
inputs. 
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8207 



The 8207 can also decode the status lines directly 
from the iAPX 86, iAPX 88, i APX 186 and the iAPX 286 
or can be programmed to receive read or write Multi- 
bus commands or commands from a bus controller 
(See Status/CommatKt^ Mode) 

The 8207 Way be programmed to accept the clock of 
the iAPX,,'||; 88, 186, or 286. The 8207 adjusts Its 
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Slowr^yele Synehranoul 



Internal timing to allow for the different clock fre- 
quencies of these microprocessors. (See Micropro- 
cessor Clock Frequency Option) 



Figure 2 shows the different processor interfaces to 
the 8207 using the synchronous or asynclironouS 
mode and status or command interface.'* I 
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" Slow-Cycle Asynchrohous-Command Interface 
Figure 2A. Slow-cycle Port Interfaces Supported by the 8207 
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Fast-Cycle Synchronous-Status Interface 



Fast-Cycle Asynchronous-Status Interface 
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NOTE: 

1 LATCH NOT REQUIRED IN SINGLE-PORT MODE. 



FuHSycle Synchronous-Command Interface 



Fast-Cycle Asynchronous-Command Interface 



Figure 2B. FasKycle Port Inteijf aces Supported by the 8207 



Dual-Port Operation 

The 8207 provides for two-porl operation. Two inde- 
pendent processors may access memory controlled 
by the 8207, The 8207 arbitrates between each of the 
processor requests and directs data to or from the 
appropriate port. Selection is done on a priority con- 
cept that reassigns priorities based upon past his- 
tory. Processor requests are internally queued. 



Figure 3 shows a dual-port configuration with two 
lAPX 86 systems Interfacing to dynamic RAM. One of 
the processor systems is interfaced synchronously 
using the^status intetlface and ttie Qth%i; js jjituffgced 
asynchroriously also using the status interface. 

TO iFit yd bstwqquS seashctnl 



Dynamic RAiVI interface 

The 8207 Is capable of addressing 16K, 64K and 256K 
dynamic RAMs. Figure 4 shows the connection of the 
processor address bus to the 8207 using the different 
RAIVIs. The 8207 directly supports the 2118 RAM 
family or any RAM with similar timing requirements 
and responses includ^gtllieUntel216#A AAM. | 

The 8207 divides mem ory i nto four banks, each bank 
having its own Row (RAS) and Column (CAS) Ad- 
dress Strobe pair. This organization permits RAM 
cycle Interleaving and permits error scrubbing dur- 
ing ECC refresh cycles. RAM cycle interleaving over- 

*mit^m^,MMJm>^ cycle wjtii ram 

Preeharge period Of the previous cycle Hiding the 
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EXTENDED MEMORY USING STATUS. 
PORT A— SYNCHRONOUS; 



^ ARE fier laECi^SAI^ when using THE 80186 COMPONENTS. THESE FUNCTIONS ARE PROVIDED DIRECTLY BY THC 80186. 



Figure 3. 8086/80186 Dual Port System 
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16K RAM INTERFACE 



NOTES: . -- !■ - . 

[^J UNASSIGNED ADDRESS INPUT PINS SHOULD BE STRAPPED HIGH OR LOW. i, if 

AO ALONG WITH BHE ARE USED TO SELECT A BYTE WITHIN A PROCESSOR WORD, f s 

LOW ORDER ADDRESS BITS ARE USED AS BANK SELECT INPUTS SO THAT CONSECUTIVE MEMORY ACCESS REQUESTS 
ARE TO ALTERNATE BANKS! ALLOWING BANK INTERLEAVING OF MEMORY CYCUES. 



f P^ur« It. Processor Address Interface to 

precharge period of one RAM cycle behind the data 
access period of the next RAM cycle optimizes 
memory bandwidth and Is effective as long as suc- 
cessive RAM cycles occur In alternate banks. 

Successive data access to the same bank will cause 
the 8207 to wait for the precharge time of the prevt- 
q^js RAM cycle. 

If no jt all RAM bank s are occupied, the 8207 reassigns 
the RAS and CAS strobes to allow using wider 'data 
wor ds wi thout Increasing the loading on the RAS 
and CAS drivers. Table 2 shows the bank sele ction 
dec oding and the word expansion, including RAS 
and CAS assignments. For exam ple, If only two RAM 
banks are occupied, then two RAS and two CAS 
strobes are activated per bank. 

The 8207 can Interface to fast (e.g., 21 18-10) or slow 
(e.g., 21 18-15) RAMs. The 8207 adjusts and optimizes 
Internal timings for either the (ast or slow RAMs as 
pio^NMRiipl. (ie#|B AM Spe^^^^tion) 

firiigrainming, the 8207 performs eight RAM 
"mIm^" eycles to prepare the dynamic RAM for 
proffer dmtoB operation and, if configured far opera^ 
tion witH error correction, the 8207 and 8206 EDCU 
will proceed to Initialize all of memory (memory is 
written with zeros wjth corresponding checj< b|tsi.. _ 




Table 2. 
ll^pk Selection Decoding and 
Word Expansion 



Proj 
B 
RB1 


jram 
ts 

RBO 


Ba 
Inf 
BS1 


nk 
>ut 
BSO 


RAS/eMMr 


ftllddaflon 














RASo-3, CASo-3 tb Bank 











1 


Bank 1 unoccupied.. 








1 
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RASo,i , CASo,i to Bank 
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RAS2,3, CAS2,3 to Bank 1 
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Bank 2 unoeiMpiedi 
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Bank 3 unoccupied 













RASq, CASq to Bank 
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RASi , CASi to Bank r i 
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RAS2, CAS2 to Bank 2 
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Bank 3 unoccupied 
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■RASo, GASifto Bank ' 
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RASi , CASi to Bank 1 
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RAS2, CAS2 to Bank 2 
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RASa, CASs to^^^^^l 3 
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Because the time to initialize memory is fairly long, 
the 8207 may be programmed to skip initialization in 
ECC mode. The time required to initialize all of 
memory is dependent on the clock cycle time to the 
8207 and can be calculated |^ tiie following 
equation: 

(2"') TcY 



eq.1 



TiNIT 

if TcY = 12S"n8rWStl TifiiT 1 ^H&f 



8206 ECC Interface '^ --^ 

For operation with Error Checking and Correction 
(ECC), the 8207 adjusts its internal timing and 
changes some pin functions to optimize perfor- 
mance and provide a clean dual-port memory inter- 
face between the 8206 EDCU and memory. The 8207 
directly supports a master-only (16-bit word plus 6 
check bits) system. Under extended operation and 
reduced clock frequency, the 8207 will support any 
ECC master-slave configuration up to 80 data bits, 
which is the maximum set by^C 8206 EDCU. (See 
Extend Option) 

Correctable errors detected during mernory read 
cycles are corrected immediately and thert~WftReirt 
back into memory. 

In a synchronous bus environment, ECC system per- 
formance has been optimized to enhance processor 
throughput, while in an asynchronous bus environ- 
ment (the Multibus), ECC performance has been op- 
timized to get valid data onto the bus as quickly as 
possible. Performance optimization, processor 
throughput or quick data access be selected via 
ttieirransfer Acknowledge Optieo,^ ^. J ( 

The main difference between the two ECC im- 
plementations is that, when optimized for processor 
throughput, RAM data is always, corrected and an 
advanced transfer acknowledge is issued at a point 
when, by knowing the processor'Characteristics, 
data is guaranteed to be valid the time the proces- y 
sor needs it. I 

When optimized for quick data access, (valid for Mul- 
tibilB) the 8206 is configured in the uncorrecting 
mode where the delay associated wlth~error correc- 
tion circuitry Is transparent, and a transfer acknowl- 
edge i s isgied as soon as valid data is known to exist. 
If the ERROR flag is activated, then the transfer ac- 
knowledge is delayed until after the 8207 has instruc- 
ted the 8206 to correct the data and the corrected 
data becomes available on the bus. Figure 5 il- 
lustrates a dual-port ECG system. 



Figure 6 illustrates the interface required to drive the 
CRCT pin of the 8206, in the case that one port (PORT 
A) receives an advanced acknowledge (not Multibus- 
compatible), while the other port (PORT B) receives 
XAGK (which is Multibus-compatible). { 

I 



Error Scrubbing 



The 8207/8206 performs error correction durino 
refresh cycles (error scrubbing). Since the 8207 must 
refresh RAM, performing error scrubbing during 
refresh allows it to be accomplished without addi- 
tional performance penalties. | | j 

Upon detection of a correctable error during refresh, 
the RAM refresh cycle is lengthened slightly to per- 
mit the 8206 to correct the error and for the corrected 
word to be rewritten into memory. Uncorrectable er- 
ror^ detectecl dicr^itg scrubbing a^ ig^ii^d> i 

Refresh 

The 8207 provides an internal refresh interval coun- 
ter and a refresh address counter to allow the 8207 to 
refresh memory. The 8207 will refresh 128 rows every 
2 milliseconds or 256 rows every 4 milliseconds, 
which allows all RAM refresh options to be sup- 
ported. In addition, there mists the ability to refresh 
256 row address locations every 2 milliseconds via 
the Refresh Period programming option. | 

The 8207 may be programmed for any of five differ- 
ent refresh options: Internal refresh only. External 
■ refresh with failsafe protection, External refresh 
. without failsafe protection. Burst Refresh mode, or 
no refresh. (See Refresh' Options) 

It is possible to decrease the refresh time interval by 
10%,i 20% or 30%. This option allows the 8207 to 
-eei^n^ensate for reduced clock frequencies. Note 
that an additional 5% interval shortenirtgls bttilt-ln It) 
^11 refresh interval options to compensii6' for eloc| 
Variatio^is arid non-immediate response to the intetf 
nally gerter^ted refresh request. (See Refresh Periodl 
Options) i I 



External Refresh Requests after RESET 

External refresh requests are not recognized by the 
8207 until after it is finished programming and pre^' 
paring memory for access. Memory preparation In^ 
eludes 8 RAM cycles to prepare and ensure proper 
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Figure 5. Two-Port ECC Implementation Using the 8207 and the 8206 




Figure 6. Interface to 8206 C RCT Input When Port 
A Rec eives AACK and Port B Receives 
XACK 



dyriamic RAM operatign, and mernprjr initialization if 
error correction is used. Many dynamic RAMs re- 
quire thi9 «a»Fi^o'pf^(ertod for pfo^f ie(P#rtlW®ft?*n«*3 
time it tal<es for the 8207 to recognize a request is 
shown below. 



eq. 2 
eq. 3 
eq. 4 

eq. 5 
RESET 



Non-ECC Systems: Tresp = Tprqg + 
TpREP 

where: TpnOG = (66) (Tcy) which is pro- 
gramming time 

TpREP = (8) (32) (Tcy) which is the 
RAM warm-up time 

if Tcy = 125 ns then Tresp us 

ECC Systems: Tresp t= Tprqg + TpRgp + 

TiNif ' 

125 ns then Tresp = 1 sec 



if Tcy 



RESET is an asynchronous input, the falling edge of 
which is used by the 20 to directly sample the logic 
levels of the iPeTL^<PCTLB, RFRCbiand PDI inputs. 
The internally synchronized falling edge of RESET is 
used to begin programming operations (sifting in 
th(B contents of the^ternal shift regi^twiiiMn^ PDI 

-■ tti 1 : . ^: ■ .''!- 

Ur)tHf>pro^mming iS;~6(Dmplete the 8207 registers 
but^es not respond toicommand or status inputs. A 
Simple means of preventing commands or status 
from occurring during this period is to differentiate 
the system reset pulse to obtain a smaller reset pulse 
for tte 8207. The total time of the reset pulse and the 
8207 programming time must be less than the time 
before the first command in systems that alter the 
default port synchronization programming bits 
(default is Port A synchronous, Port B asynchro- 
nous). Differentiated reset is unnecessary when the 
default pciii synchront^ion prO gri w n n at nfl i is iised. 



The differentiated reset pulse would be shorter than 
the system reset pulse by at least the programming 
period required by the 8207. The differentiated reset 
pulse first resets the 8207, and system reset would 
reset the rest of the system. While the rest of the 
system is still in reset, the 8207 completes its pro- 
gramming. Figure 7 Illustrates a circuit to ac- 
c owipteh- th» te8lfc ' ' 

—wmttrrfour clocks after RESET goes active, all the 
8207 outputs will go high, except for PSEN, WE, and 

AOO-8, which will go low. i ' 



OPERATIONAL DESCRIPTION 
Programmihg the 8207 

The 8207 is programmed after reset. On the falling 
edge of RESET, the logic states of several input pins 
are latched internally. The falling edge of FffiSET 
aetu^ly performs the latching, which means that the 
k>Sic,1ewlB}on these inputs must be stable prior to 
that time. The inputs whose logic levels are latched at 
the end of reset are the PCTLA, PCTLB, REFRQ, and 
PDI pins. Figure 8 shows the necessary timing for 
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Figure 8. Timing iilustrating External Shift Register Requirements for Programming the 8207 



Status/Command Mode 

The two processor ports of ttie 8207 are configured 
by ttie states of the PCTLA and PCTLB pins. Which 
interface Is selected depends on tlve^)8tate' of the 
individual port's PCTL pin at the end Of reset. If PCTL 
is high at the end of the reset, the 8086 Status inter- 
face is selected; if it Is low, theh^«®oiNMjMWt i@eiHSi 
ftice selected. 

The status lines of the 80286 are sinnilar In code and 
timing to the Multibus command lines, while the 
status code and timing of the 8086 and 8088 are 
identical to those of the 80186 (ignoring the differ- 
ences In clock duty cycle). Thus there exists two 
interface configurations, one for the 80286 status or 
Multibus memory commands, which Is called the 
Command Interface, and one for 8086, 8088 or 80186 
status, called the 8086 Status Interface. The Com- 
mand Interface can also directly interface to the 
command lines of the bus controllers tor the 8086, 
8088, 80186 and the 80286. 

The 8086 Status interface allows direct decoding of 
the status of the iAPX 86, lAPX 88, and the iAPX 186. 
Table 3 shows how the status lines are decoded. 
While in the Command mode the iAPX 286 status can 
be directly decoded. Microprocessor bus controller 
read or write commands or Multibus commands can 
also be directed to the 8207 when in Command 
jmode. 

Refresh Options 

Immediately after system reset, the state of the 
REFRQ input pin is examined. If REFRQ Is high, the 
8207 provides the user with the choice between self- 
refresh or user-generated refresh with failsafe pro- 
tection. Failsafe protectiontiguarantees th«ri|.jf. the 



Table 3A. Status Coding of 8086, 80186 and 80286 



Status Code 


Function 


S2 


Si 


so 


8086/80186 


80286 











INTERRUPT 


INTERRUPT 








1 


I/O READ 


I/O READ 





1 





I/O WRITE 


I/O WRITE 





1 


1 


HALT 


IDLE 


1 








INSTRUCTION 
FETCH 


HALT 


1 





1 


MEMORY READ 


MEMORY READ 


1 


1 





MEMORY WRITE 


MEMORY WRITE 


1 


1 


1 


ilJLE 


IDLE " ? .ill 



Table 3B. 8207 Response 



8207 
Command 


Function 


PCTL 


RD 


WR 


8086/80186 

Status 
i Interface 


80286/Statusor 
Command 
Interface 











IGNORE 


IGNORE 








1 


IGNORE 


READ 





1 





IGNORE 


WRITE 





1 


1 


IGNORE 


IGNORE 


1 








READ 


IGNORE 


1 





1 


HEAD 


INHIBIT 


1 


1 





WRITE 


INHIBIT 


^ 1 . 


1 


1 


. I6N0RE 


IGNORE . 



mm 



user does not come back with another refresh re- 
quest t)efore the internal refresh interval counter 
times out, a refresh request will be automatically 
generated. If the REFRQ pin is low immediately after 
a reset, then the user has the choipe <pt >^ 
external refresh cycle without failsafe, burst refresh 
or no refresh. 



internal Refresh Only f^'v , i : 

For the 8207 to generate internal refresh requests, it 
is necessary only to strap the REFRQ input pin high. 



External Refresh with Failsafe^ "^3>;-v» .^>. . i 

To allow user-generated refresh requests with fail- 
safe protection, it is necessary to hold the REFRQ 
input high until after reset. Thereafter, a low-to-high 
transition on this input causes a refresh request to be 
generated and the internal refresh interval counter 
to t>e reset. A high-to-low transition has no effect on 
the 8207. A refresh request is not i-ecogn.ized until a 
previous request has betp senricad. ^^^^ ^ ■ v." 



it 



External Refresh without P^^t^^ 



To generate single external refresh requests without 
failsafe protection, it is necessary to hold REFRQ low 
until after reset. Thereafter, bringing REFRQ high for 
one clock period causes a refresh request to be 
generated. A refresh request is not recognized until-a 
previous request has been servic^: 



Option Program Data Word 

The program data word consists of 16 program data 
bits, PD0-Ppi5. If thiB first program data bit PDO is 
set to logic f , the 8207 ijs ponfigured to support ECC. 
If it is logic; 0, the 8207. is configured to support a 
non-ECC system. The remaining bits, PD1-PD15, 
may then be programmed to optlmfees a selected 
configuration. Figures 9 and 10 show the Pros|fam| 
word for non-ECC and ECC operation. 



Using an External Shift Register 

^ The 8207 may be configured to use an external shift 
register with asynchronous load capability such as a 
74LS165. The reset pulse serves to parallel load the 
shift register and the 8207 supplies the clocking sig- 
nal to shift the data in. Figure 11 shows a sample 

^circuit diagram of an external shift register circuit. 
Serial data is shifted into the 8207 via the PDI pin (57), 
and clock is provided by the MUX/PCLK pin (12), 
which generates a total, of 16 clock pulses. After i 

: programming iS'com|^|(fc'<|ata etppearing at the ir>-l 
put Of the^POt pintt-linsi^MUXyPCbK-is a-fluat^' 

.. funct|CM:\^n.<Pi^|ji^:|}rogramming, it serves to clock 
the ^eternal shift register, and after programming is 
completed, it reverts to a MUX control pin. As the pin 
changes state to select different port addresses, it 
continues to clock the shift register This does not 
present a problem because data at the PDI pin is 
. ignored after program^iing. Figure 8 illustrates the 
timing requirements of the shift register circuitry. 



Burst Refresh 



Burst refresh is implemented through the same pre- 
cedure as a single external refresh without failsafe 
(i.eL, REFRQ is kept low until after reset). Thereafter, 
bringing REFRQ high for a least ^ cjl^^riods 
dauses a burst of 128 row address loeeffiehs to be 
refreshed. ^ 



ECC Mode (ECC Program Bit) 

The state of PDI (Program Data In) pin at reset deter- 
mines whether the system is an ECC or non-ECC 
configuration. It is used internally by the 8207 to 
begin configuring timing circuits, even before pro-, 
gramming is completely finished. The 8207 then 
begins programming the rest of the options. 



In ECC-configured systems, 128 locations are scrut>- 
bed. A burst refresh request is not i^o'gnized until a 
previous request has been serviced. 



No Refresh 

It is necessary to hold REFRQ low until after reset. 
This is the same as programming External Refresh 
without Failsafe. No refresh is accomplished by 
keeping REFRQ lowi 



Default Programming Options 

After reset, the 8207 serially shifts in a program data; 
word via the PDI pin. This pin may be strapped either 
high or low, or connected to an external stiift register. 
Strapping PDI high causes the 8207 to default to a 
particular system configuration with error correc- 
tion, and sti-apping it low causes the 8207 to default 
to a particular system configuration without error 
correction. Table 4 show s the default conflgnrations; 
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TM 1 


PPR 


FFS 


EXT 


PLS 


CIO 


CI1 


ffil 


RBO 


RFS 


CR 


SB 


SA 






/.n^ "ill! 



RESERVED MUST BE ZERO 



PROGRAM 
DATA BIT 


NAME 


POLARITY/FUNCTION 


POO 


ECC 


ECC=0 FOR NON-ECC MODE 


P01 


SA 


SA^O PORT A IS SYNCHRONOUS 

OA— 1 Dnnr A iq AsvucuDnumiQ 
9M— 1 rwm M 13 AST n^nnunuuo 


~~pm 


1 

SB 


ei>~n DnoT B ic ACvu^uDnumic 
30 — U rUHl B l3 AsTnUnHUPiUUa 

SB = 1 PORT B IS SYNCHRONOUS 






CFS = 1 SLOW-CYCLE lAPX 86 MODE 


PD4 


RFS 


HPS— rAST HAM 
Rra=1 SLOW RAM 


PD5 

poe 


RBO 


RAM BANK OCCUPANCY 
SEE TABLE 2 


PD7 


ai 


COUNT INTERVAL Bm ; SEE TABLE 6 


P08 


CM 


COUNT INTERVAL BIT 0; SEE TABLE 6 


P09 


Hi : 


HS=0 LONG REFRESH PEtWOe : 1 
RS=1 SHORT REFRESH PERIOD 


PD10 


EXT 
EXT 


EXT^O NOT EXTENDED 
EXT=1 EXTENDED 


P011 


FFS 


Fre-O FAST CPU FREQUENCY 
FFS = 1 SLOW CPU FREQUENCY 


PD12 


PPR 


PPR=0 MOST RECENTLY USED PORT 

PRIORITY 
PPR=1 PORT A PREFERRED 

PRIORITY 


P013 


TM1 


TM1 =0 TEST MODE 1 OFF 
TM1 =1 TEST MODE 1 ENABLED 


PD14 





RESERVED MUST BE ZERO 



Vl lr; ylS,-- 



Figure 9. Non-ECC Mode Program Data Word 



"'SB 



: ■ l- 



TH2 RB1 RBO PPR FFS fXT 



PLS CiQ CM XB XA RFS CFS 



PROGRAM 
□ATA BIT 


NAME 


POLARITY/FUNCTION 


PDO 


ECC 


ECC>1 ECC MODE 


PD1 


SA 


SA=0 PORTA ASYNCHRONOUS 
SA-1 PORTA SYNCHRONOUS 


PD2 


SB 


SB=°0 PORT B SYNCHRONOUS 
SB=1 PORT B ASYNCHRONOUS 


«» ■ 


-. ^ 


CFS=0 SU>W«yCLEIAI>Xa6M00E 
CFS=1 FAST-CYCLE lAPX 206 MODE 


PD4 


RFS 


RFS=0 SLOW RAM 
RFS-1 FAST RAM 


PD5 


XA 


XA=0 MULTIBUS-COMPATIBLE 
ACKA 

XA=1 ADVANCED ACKA NOT 
MULTIBUS-COMPATIBLE 


PM 


XB 


XB-0 ADVANCED ACKB NOT 
MULTIBUS COMPATIBLE 

XB = 1 MULTIBUS-COMMTIBLE 
ACKB 


PD7 
PD8 


CM 

Cio 


COUNT INTERVAL BIT 1: SEE TABLE 8 
COUNT INTERVAL BIT 0; SEE TABLE 6 


PD9 


PLS 


PLS^O SHORT REFRESH PERIOD 
PLS=1 LONG REFRESH PERIOD 


PD10 


Wxf 


EXT=0 MASTER AND SLAVE EDCU 
EXT = 1 MASTER EDCU ONLY 


PD11 


FFS 


FFS-0 SLOW CPU FREQUENCY 
FFS=1 FAST CPU FREQUENCY 


PD12 


PPR 


PPfl=0 PORTA PREFERRED 

PRIORITY 
PPR»1 MOST RECENTLY USED PORT 

PRIORITY 


PD13 
PD14 


RBO 
NB1 


RAM BANK OCCUPANCY 
SEE TABLE 2 


PD1S 

-■ 


tH5 


TM2-0 TEST MODE 2 ENABLED 
TM2-1 TESI'iaODE2«>FF 



tic;!: '31 

1' C.;' I3P 



Figure 10. ECC Mode Program Data Wtord 
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JUMPER OPTIONS 
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Table 4A. r i>. . v!!' : 

Default Non-ECC Programming, PDI Pin (57) 
Tied to Ground. ' ' "■' '~ ' 



Port A is Synchronous 



Port B is Asynchronous 



Fast-cycle Processor Interface 



Fast RAM 



Refresh tnWrvarirtiSs'SSe clocl(s 



128 Row refresh in 2 ms; 256 Row refresh in 4 ms 



Fast Processor Clock Frequency (16 MHz) 



"Most Recently Used" Priority Scheme 



4 RAM banks occupied 



I . iiidis owT isii.' art! 

Table 4B. 

Default ECC Programming, PDI Pin (57) 
Tied to Vcc- 

. nltlKT int. 



Port A is Synchronous 



Port B is Asynchronous 



Fast-cycle ProcesatfihatHicfa^j^ 



Fast RAM 



Port A has Advanced ACKA strobe (non-multibus) 
Port B has Non-advance ACKB strobe (multibMS) 



Refresh interval uses 236 clocks 



128 Row refresh in 2 ms; 256 Row refresh in 4 ms 



Master EDCU only (16-bit system) 



Fast Processor Clock Frequency (16 MHz) 



"Most Recently Used" Priority Scheme 



4 RAM banks occupied 



.1 



If further system flexibility is needed, one or two 
external shift registers can be used to tailor the 8207 
to its operating environment. 

Synchronous/Asynchronous Mode 

(SA and SB Program Bits) ' " 

Each port of the 8207 may be independently config- 
ured to accept synchronous or asynchronous port 
commands (RD, WR, PCTL) and Port Enable (PE) via 
the program bits SA and SB. The state of the SA and 
SB programming bits determine whether their asso- 
cit^ed ports are synchronous or asynehrraious. 

While a port may be configured with either the Status 
or Command interface in the synchronous mode, 
certain restrictions exist in the asynchronous mode. 
An asynchronous Command interface using the con- 
trol lines of the Multibus is supported, and an asyn- 
chronous 8086 interface using the control lines of 
the 8086 is supported, with the use of TTL gates as 
illustrated in Figure 2. In the 8086 case, the TTL gates 
are needed to guarantee that status does not appear 
at the 8207 inputs too much t>efore address, so that a 
cycle would start before address was valid. 

Microprocessor Clocic Frequency Option 
(CPS and FFS Program Bits) 

The 8207 can be programmed to interface with slow- 
cycle microprocessors like the 8086, 8088, and 801 86 
or fast-cycle microprocessors like the 80286. The 
CFS bit configures the microprocessor interface to 
accept slow or fast loyo^tisi^le-frQnKiaMlinii'micro^ 
processor group. 

This option is used to select the speed of the micro- 
processor clock. Table 5 shows the various 
microprocessor clock frequency options that can be 
programmed. | j 

Table 5. 

Microprocessor Clock Frequency Options 



Program Bits 


Processor 


Clock 
Frequency 


CFS 


FFS 








iAPX 86, 
88, 186 


5 MHz 





1 


IAPX 86, 
88, 186 


8 MHz 


1 





IAPX 286 


10 MHz 


1 


1 


IAPX 286 






10 





The external clock frequency must be programmed 
so that the failsafe refresh repetition circuitry can 
adjust its internal timing accordingly to produce a 
reftesh request as programmed. 

RAM Speed Option (RFS Program Bit) 

The RAM Speed programming option determines 
whether RAM timing will be optimized for a fast or 
slow RAM. Whether a RAM is fast or slow is mea- 
sured relative to the 2118-10 (Fast) or the 2118-15 
(Slow) RAM specifications. 

Refresh Period Options 

(CIO, CI1, and PLS Program Bits) 

The 8207 refreshes with either 128 rows every 2 mil- 
liseconds or 256 rows every 4 milliseconds. This 
translates to one refresh cycle being executed ap- 
proximately once every 15.6 microseconds. This rate 
can be changed to 256 rows every 2 milliseconds or a 
refresh approximately once every 7.8 microseconds 
via the Period Long/Short, program bit PLS, pro- 
gramming option. The 7.8 microsecond refresh re- 
quest rate is intended for those RAMs, 64K and 
above, which may require a faster refresh rate. 

In addition to PLS program option, two other pro- 
gramming bits for refresh exist: Count Interval (CIO) 
and Count Interval 1 (CI1) These two programming 
bits allow the rate at which refresh requests are 
generated to be increased in order to permit refresh 
requests to be generated close to the same 15.6 or 
?iaBHwte WH * aD»B » ^i^e!HtettMh^fl^fl^e 8207 is operating 



Table 6. Refresh Count InterwaLlable ^ — 



Freq. 
(IMHz) 


Ref. 
Period 
(mS) 


CFS 


PLS 


FFS 


Count Interval 
CI1, CIO 
(8207 Clock lferjqdi^, 


00 
(0%) 


01 
(10%) 


10 
(20%) 


11 
(30%) 


16 


15.6 


1 


1 


1 


236 


212 




164 


7.8 


1 





1 


118 


106 


94 


82 


10 


15.6 


1 


1 





148 


132 


116 


100 


7.8-. o~ 


1 








74 


66 


58 


50 


8 


15.6 





1 


1 


118 


106 


94 


82 


7.8 








1 


59 


53 


47 


41 




15,8^ J 


' si,. . 


1 


. 


74 


66 


58 


50 


7.8 











37 


33 


29 


25 



at reduced frequencies. The interval between re- 
freshes is decreased by 0%. 1 0%, 20%, or 30% as a 
function of how the count interval bits are program- 
■mjed. A 5% guardband is built-in to allow for any 
clock frequency variations. Table 6 shows the refresh 
period''@jitions available. " " 

The numbers tabulated under Count interval repre- 
sent the number of clock periods between internal 
refresh requests. The percentages in parentheses 
represent the decrease in interval between refresh 
requests. Note that all intervals have a built-in 5% 
(approximately) safety factor to compensate for 
minor clock frequency deviations and non- 
imn^ii]iljn>ffe#£ltWl^ilfl«^ refresfi reqii^ts. 

Extend Option {EW- iM»gram 

iSi. r'S i.. ;.r.x.; .(^ , . -nciM Su»f< .• 
The Extend option -l^ngithenS' the memory cycle to 
allow longer access timeA«diich may be required by 
the system. Extend alters the RAM timing to compen- 
sate for Increased loading on the Row and Column 
Address Strot)es, and in the multiplexed Address 

Outlines. f-i ' i- 

_MA\ w 

Port Priority Option anrisAdadtn^oAiitM 
(PPR Program Bit) 

The 8207 has to internally arbitrate among three 
ports: Port A, Port B and Port C — the refresh port. 
Port C is an internal port dedicated to servicing 
refresh requests, whether they are generated inter- 
nally by the refresh inverval counter, or externally by 
the user. IWo arbitration approaches are available via 

(T8) oM IC^ ? i 
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the Port Priority programming option, program bit 
PPR. PPR determines whether the most recently 
used port will remain selected (PPR = 1) or whether 
Port A will be favored or prelMFiied over Port B 
(PPR = 0). 

A port is selected if the arbiter has given the selected 
port direct access to the timing generators. The 
front-end logic, which Includes the arbiter, is de- 
signed to operate in parallel with the selected port. 
Thus a request on the selected port is serviced imme- 
diately. In contrast, an unselected port only has ac- 
cess to the timing generators through the front-end 
logic. Before a RAM cycle can start for an unselected 
port, that port must first become selected (i.e., the 
MUX output now gates that port's address into the 
8207 in the case of Port A or B). Also, in order to allow 
its address to stabilize, a newly selected port's first 
RAM cycle is started by the front-end logic. There- 
fore, the selected port has direct access to the timing 
generators. What all this means is that a request on a 
selected port is started immediately, while a request 
on an unselected port is started two to three clock 
periods after the request, assuming that the other 



two ports are idle. Under normal operating condi- 
tions, this arbitration time is hidden behind the RAM 
cycle of the selected port so that as soon as the 
present cycle is over a new cycle is started. Table 7 
lists the arbitration rules for both options. 



Port LOCK Functiion 

The LOCK function provides each port with the 
ability to obtain uninterrupted access to a critical 
region of memory and, thereby, to guarantee that the 

opposite port cannot "sneak in " and read from or 
write to the critical region prematurely 

Only one LOCK pin is present and is multiplexed 
between the two ports as follows: when MUX is high, 
the 8207 treats the LOCK input as originating at 
PORT A, while when MUX is low, the 8207 treats 
LOCK as originating at PORT B. When the 8207 
recognizes a LOCK, the MUX output will remain 
pointed to the locking port until LOCK is deactivated. 
Refresh is not affected by LOCK and <!^,i^r dur- 
ing a locked memory cycia 



Table 7. 

The Arbitration Rules for the Most Recently Used Port Priority and for Port A Priority Options 

Are As Follows: 



1. 


If only one port requests service, then that port — if not already selected — becomes selected 


2a. 


When no service requests are pending, ttie last selected processor port (Port A or B) will remain selected. 
(Most Recently Used Port Priority Option) 


2b. 


When no service requests are pending. Port A is selected wtiettier it requests service or not. (Port A Priority 
Option) 


3. 


During reset initialization only Port C, the refresh port, is selected. 


4. 


If no processor requests are pending after reset initialization. Port A will be selected. 


5a. 


If Ports A and B simultaneously(') request service while Port C is being serviced, then the next port to be 
selected is the one which was not selected prior to servicing Port C. (Most Recently Used Port Priority 
Option) 


5b. 


If Ports A and B simultaneouslyC) request service while Port C is selected, then the next port to be selected 
is Port A. (Port A Priority Option) 


6. 


If a port simultaneously requests service with the currently selected port, service is granted to the selected 
port. 


7. 


The MUX output remains in its last state whenever Port C is selected. 


8. 


If Port C and either Port A or Port B (or both) simultaneously request service, then service is granted to the 
requester whose port is already selected. If the selected port is not requesting service, then service is 
granted to Port 0. 


9. 


If during the servicing of one port, the other port requests service before or simultaneously with the refresh 
port, the refresh port is selected. A new port Is not selected before the presently selected port is 
deactivated. 


10. 


Activating LOCK will mask off service requests from Port B if the MUX output is high, or from Port A if the 
MUX output is low. 


* By "simultaneous " It Is meant that two or more requests are valid at the clock edge at which the internal arbiter 
samples them. 
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8259A/8259A-2/8259A-8 
PROGRAMMABLE INTERRUPT CONTROLLER 



■ iAPX 86, iAPX 88 Compatible 

■ MCS-80®, MCS-85® Compatible 

■ Eight- Level Priority Controller 

■ Expandable to 64 Levels 

■ Programmable Interrupt Modes 



■ Individual Request Mask Capability 

■ Single + 5V Supply (No Clocks) 

■ 28-Pin Dual-ln-Line Package 

■ Available in EXPRESS 

. : - Standard Temperature Range 
- Extended Temperature Range 



The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It Is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single -t- 5V supply. Circuitry is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
sevwal tnpdes, permitting Qptim]^t)pn for a . variety of system requirements. ^ . 

fhftrasSA Is fully upward compaN6le«0tt)'Mwlnter» 8259. Software originally written for the 8259 will operate the \ 
^2S9A in all 8259 eqtjiyalent modes (MCS-8(V8S, Nbti-Buffered, Edge-Triggered). j 
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'Pin Description 



Symbol 




Type 


^ V*-'' Name and Function fl 


Vcc 


28 


1 


Supply: +5V Supply. 


GND 


14 


1 


Ground. 


5§ ^ 


1 


1 


Chip Select: A low on this pin enables RD and WR communicatton between the CPU and theB259A. 
INTA functions are independent of CS. 


WR 


2 





Write: A low on this pin when CS is low enables the 6259A to accept command words from the CPU. 


RD 


3i . 


1 


Read: A low on this pin when CS is low enables the SSgdA to release status onto the data bus for the 

CPU. 


D7-D0 


4-11 


I/O 


Bidirectional Data Bua: Control, status and interrupt-vector information is transferred via this bus. 


CAS0-CAS2 


12.13.15 


I/O 


Cascade Lines': The CAS lines form a private 8259A bus to control a multiple 6259A structure. These 
pins are outputs for a master 8259A and inputs for a slave 6259A. 


SP/EN 


16 


I/O 


Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode it can be used 

as an output to controi buffer transceivers (EN). When not in the buffered mode it is used as an input 

to designate a master (SP = 1) or slave (SP - 0). 


INT 


17 





interrupt: This pin goes high whenever a valid interrupt request is asserted, it is used to interrupt the 
CPU, thus it Is oonrnscted to the CPU's interrupt pin. 


IR0-IR7 


18-25 


1 


Interrupt Requests: Asynchronous Inputs. An ihferrupt i^ii^ isgiiiateled by ralai6g^ IR input 
(low to high), and holding it high until it is aei<>0wleidg94ffida$>!Ti|igg«e«0 M9^lfli|i$^K 
level on an IR.ip^ti(L*yrt Trlg9WSfl »(lodo>, ; L s,.! , , 5 f tit r A. 


INTA 


26 


1 


Interrupt Acknowledge: This pin Is used to enable 82S9A interrupt-vector data onto tin diM bus by 

a sequence of Interrupt acltnowledge pulses Issued by the CPU. 


Ao 


27 


1 


AO Address Line: This pin acts in conjunction with the CS, WR, and MB pins. It is iMdiby the 8S59A 
to decipher various Command Words the CPU writes and status the CPU wishes to miit. It latypieally 
connected to the CPU AO address line (A1 for lAPX 86, 88). 
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FUNCTIONAL DESCRIPTION 

Interrupts in Microcomputer Systems 

Microcomputer system design requires that I/O devices 
such as Iteyboards, displays, sensors and other com- 
ponents receive servicing In an efficient manner so that 
large amounts of the total system tasks can be assiumed 
by the microcomputer with little or no effect on jttWHigh- 
put. 

The most common method of servicing such devices is 
the Polled approach. This is where the processor must 
test each device in sequence and in effect "ask" each 
one if it needs servicing. It Is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
(he microcomputer and reducing the copt effectiveness 
df using such devices. 

A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that Is currently being executed 
and fetch a new routine that will service the requesting ^ 
device. Once this servicing is complete, Itotvever, the '■ 
processor would resume exactly where It left off. 

This method is called Interrupt. It is easy to see that : 
system throughput would drastically increase, and thus 
thore tasks'CdQld be assumed by the microcorhputer to 
further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Intarrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the Incoming requests 
is qf the highest Importance (priority), ascertains 
whettier the Incoming request has a higher priority value 
thaoNlhe level currently t>eing serviced, anjd issues an 
inteffiupt to the CPU based on this determination. 
Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred 
to as a "service routine". The PIC, after issuing an Inter- 
rupt to the CPU, must somehow input information into 
the CPU that can "point" the Program Counter to the 
service routine associated with the requesting device. 
This "pointer" is an address in a vectoring table and will 
often be referred to, in this document/ as vectoring data. 

The 8259A ' .nr -^..pn 

The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A's (up to 64 levels). 
It is programmed by the system's software as an I/O 
peripheral. A selection of priority modes Is available to 
the programmer so that the manner in which the re- 
quests aneiiroeessed by the 8259A can besconflgured to 



match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 
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Figure 3ii. Polled Method 



CPU INT 



l.rl 



.1:10. ' 



A- 



I/O INI t- 



\7 



Figure 3b. Interrupt Method 
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IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 
to store all the interrupt levels which are requesting ser- 
vice; and the ISR is used to store all the interrupt levels 
*^i«h are being serviced. ■ 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and s trobed 
into the corresponding bit of the ISR during INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the Interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not 
request lines of lower priority 



affeist the 

k;::d 



INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. The 
Vqh level on this line is designed to be fully compatible 
with tl>e 8080A, 8085A and 8086 Input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (i^PM) of the 8259A. 

DATA WIS BUPFeR 

This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 



READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 
mand Word (ICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Psta Bus. 

CS (CHIP SELECT) J ' ' '■ ' 

A LOW on this input enables 82S9A. No reading or 
writing of the chtp-wlH ocG^ri untess the device is 
selected. | 

pR (WRITE) 

)^ LOW on this input enables the CPU to write control 
words (ICWs and Oe\A<s) to tft^^gSSA. 

RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the tn^terrupt Mask Register (IMR), or the 
inte|itu||t: level onto the Data Bus. 
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This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASGAOE BUPFEWCOMPARATOR 

This function block stores and compares the IDs of all 
82S9A's used In the systenn. The associated three i/0 
pins (CASO-2) are outputs when the 8259A Is used as a 
master ar^d are inputs when the 8259A Is used as a 
slave. As a master, j{)(eii|2Si9A Mnds.^te ip o^Jhe inter- 
rupting slave deviee'dnto the CASO-zlines. Thd'^ave 
thus selected will send Its preprogrammed subroutine 
address ont 6 tub Difta Woa during the next one or two 
consecutive INTA pulses! (See section "Cascading the 
8259A".) 

INTERRUPT SEQUENCE ' 

The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polHng of the interrupting devices. The nor- 
mal sequence of events during an interrupt depends on 
the type of CPU being used 

The events occur as follows in an MCS-80/85 system: 

I.One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 

bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate 

3. The C PU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5 This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group 

6. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data 
Bus The lower 8-bit address is released at the first 
INTA pulse and and the h igher 8-bit address is re- 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259A In the AEO I mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
r^ains set until an appropriate EOl command is 
issued at the end of the interrupt sequence. 

The events occurring in ao iAPXiK !^Mrai'al'»ittiea8me 

until step 4. 

4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit IS reset. The B259A does not drive ther Data Bus 
durmg this cycle. 

5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 

onto the Data Bus where It is read t>y the dl^' 

'■■i -■ ■ 1.-.-. ' 4,<- :.n.:>VfA*f6\Tls'-3S.:^'i .9 

6. This completes the interrupt cycle. In the AEOI^ tfede 
the ISR bit is reset at the en(t.j«ii!th%i>effiD(«l:4NiTA 
pulse. Otherwi8%AH» )SR t>tt lT«IWItl»-(<»*lW8»faan 
appropriate EOl command is issued at the enAjeif/Ihe 
interrupt subroutine. 



If no interru0Tii##liiW^Fi»Ment at step 4 dnMfftttr 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
b^td^ and the GAS ltne» will look like an InterrMgt level 7 
ik^ti^M^"^ «' 8bo3<)c J.' ■ -jeliiq STP 
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INTERRUPT SEQUENCE OUTPUTS 

This sequ9nce lSHU>!!wJ by tUnw'itTA B>^»b^ Pi^Mit^ 
first iRTa pulse the CALL opcode is en%p4f{cl,^i» 
data bus. 

Content el First Intemipt 



CALL CODE 



07 


06 


OS 04 03 


02 


01 


00 


1 


1 


1 


1 





1 



During the second INTA pulse the lower address of the 
•ppcmriala Mrvlce routine is enabled onto the data bus. 
, Wnwnmtervals 4 bifs Ag-A/ are programmed, while Aq- 
A4 are kutdmatlcalty rnserted by the 82^A. When Inter- 
val = 8 only Ae and A7 are programmed, while Ao- As are 
automatically inserted. 

Content of Second Interrupt 
Vector Byte 



IR 


Intanal • 4 




07 


OS 


OS 


04 


03 


02 


01 


00 


7 


A7 


A6 


AS 


1 


1 


1 








6 


A7 


A6 


AS 


1 


1 











5 


A7 


A6 


AS 


1 





1 








4 


A7 


A6 


AS 


1 














3 


A7 


A6 


AS 





1 


1 ' 








2 


A7 


AC 


AS 





1 











1 


A7 


AS 


AS 








1 











A7 


A6 


AS 


















IR 








Interval s 8 






















07 


OS 


05 


04 


03 


02 


01 


00 


7 


A7 


A6 


1 


1 


1 











6 


A7 


A6 


1 


1 














s 


A7 


AS 


1 





1 















4 


A7 


AS 


t 
































3 


A7 


AE 


0' 


1 " 













2 


A7 


A6 





1 










_ _ 


1 


A7 


A6 








1 







- 





















A7 


A6 





















During the third INTA pulse the higtier address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (Ag-A^g), is 
.enab tedfentp . the bus. 

Content of Third Interrupt 
Vector Byte 

PS D4 03 02:. nPt 00 
A13 } A12 I All I A10 I AS [ Aa"~| 



Di 



tlhPX iSmoide is sliitfl|ir,to MCS-80 mecle<«(6ept that only 
two iiMtupt AcKfiiswIidge cycles are Issued by the pro- 
' »ssor and no CALL opcode is sent to the processor. The 
first interrupt aclcnowledge cycle is similar to that of 
IfCS-SO, 85 systems in that the 8259A uses it to internally 
ftteeze the state of the interrupts for priority resolution and 
as a master it Issues the irit^ rrifg^^de on the cascade 
Itneeai^ffieend of the INTA pulse. On mis first cycle it does 



not issue any damie ttipprocessonanitfj Uiaww itBiteta bus 

buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 86 mode t^e master (or slave if so pro- 
grammed) will send a byte of data to the processor with 
the acl<nowledged interrupt code composed as follows 
(note the state of the AOI mode control is ignored and 

Content of Interrupt Vector Byte 
for IAPX 86 System Mnrio 





07 


06 


OS 


04 


D3 


02 


DI 


DO 


IR7 


T7 


T6 


T5 


T4 


T3 


1 


1 


1 


IR6 


T7 


T6 


TS 


T4 


T3 


1 


1 





IRS 


T7 


T6 


T5 


T4 


T3 


1 





1 


IR4 


T7 


T6 


T5 


T4 


T3 


1 








IRS 


T7 


T6 


TS 


T4 


T3 





1 


1 


IR2 


T7 


T6 


T5 


T4 


T3 





1 





IR1 


T7 


T6 


TS 


T4 


T3 








1 


IRO 


T7 


T6 


TS 


T4 


T3 












PROGRAMMING THE 8259A 

The 8299A«Qeepta two typMbOf cominand wonte gener- 
ated by the CPU: <^ 

1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 8259A in the sya^tem must 
be brought to a startin£point — by a'siMioisnceof 2to'' 
4 bytes timed by WR pulses. 

2. Openlion Command Words (OCWs): These are the 
command words which command the 8259A to oper- 
ate in various interrupt modes. Tiiese modes are: 

a. Fully nested mode v - 

b. Rotating priority mode . j'j'if ' 

c. Special mask mode .^n s--' > 'nM '.' . " v. , 

d. Polled mode , n .v,-,tu - ,T";STi?t o« i zo^'i b 
The OCWs can be written i^o the 8259A anytime after 
Initialization. 

INITIALIZATION COMMAND WORDS 

(ICWS) 
GENERAL 

Whenever a command Is issued with AO = and D4 1 , 
this is interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
wmSMlUe'Mteimtg aiiteMlieatly oeeur. 

a. The edge sense circuit is reset, which means that fdl' 
lowing ;i)Mti«|iaatien, 'an'4nterrupt request:'(iR)«lR|ki* 
must matie^B Jow>to-lii9h transition to generate an 
mterrupfc " ^ ' 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. the slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is set to 
IRR. . . T ti 

f . If 104^0, 4hen all functions selected In ICW4twe«H to 
zero.u(NWi4liffei8d woA^l noiAiiHs«enfMCS«9^iK 
sy«*IW)f.'"'i '6 tsu^s. -i bns. ■ loa^if iT t • 

*Nal«: MuKKBMv* in ICWM !■ amy inad in tha buHaiad moda. 
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INITIALIZATION CONNMANO-WdMSSH- Ami S 

(ICW1, ICW2) 

Page starling address of service routines. In an 
MCS 60/65 system, the 6 re<iuest levels will generate 
CALLS to 8 locations equally spaced in memory. These 
can be programmed to be spaced «t intervals of 4 'or 8 
memory locations, thus the 8 ronttftee-wtll-oeeiipy a 
page of 32 or 64 bytes, respectively. 

The address format Is 2 bytes long (Aq-A^s). When the 
routine Interval is 4, A0-A4 are automatically inserted by 
the 8259A, while Ag-Ais are programmed externally. 
When the routine interval ($ 6. AgrA| are automatiealiy 
it^erted by the 82S9A, whtre Ag-A'ts are prbgrarnmed 
externally. 

The 8-byte interval will maintain compatibility with cur^ 
rent software, while the 4-^fte-intin«l »»ba*t4oMf com- 
pact jump table. 

In an iAPX 86 system A15-A11 are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets 
the three least significant bits according to the interrupt 
level. A10-A5 are ignored and ADI (Address interval) has 
no effect. 

LTIM: If LTIM= 1, then the 8259A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 

ADI: CALL address Interval. ADI •> 1 then-interval = 4; 
ADI = then intanitisS. 

SNQL: Single. Means that this Oifly 8259A in the 
system. If SNGL= 1 no lOWS will be Issued. 



IC4: 



If this bit is set — ICW4 has iobe i^. If ICW4 
is not needed, set IC4 = 0. 



4NmAL«ATIO»GOMMAND WORD 3 <ll 

This word Is read only when there is more than one 
8259A in the system and cascading is used. In which 
case SNGL = 0. It will load the j9-blt slave register. The 
functions of this register are: 

a. In the master mode (either when SP= 1, or in buffered 
mode when IVI/S=1 in ICW4) a "1" is set for each 
slave In the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for iAPX 86 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when SP = 0, or If BUF= 1 
and M/S=0 in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the «ril fpiiMinBe (or 
Just byte 2 for IAPX 86 are released by It 9n #le Data 

Bus. 

INITIALIZATION TOMMAND WORD 4 (ICW4) 

SFNM: If SFNM = 1 the special fully nested moiiB is 
programmed. 

BUF: If BUF= 1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination Is by M/S. 

MIS: If buffered mode is selected: M/S= 1 means the 
8259A Is programmed to be a master, M/S = 
means the 8259A is programmed to be a slave. If 
BUF = 0, M/S has no function. 

AEOI: If AEOI= 1 the automatic end of interrupt mode 
is programmed. 

(iPM: Microprocessor mode: iixPM = sets the 8259A for 
MCS-80, 85 system operation. fiPM = 1 sets the 
8259A for iAPX 86 system operation. 





Figure 6. Initialization Sequence 
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OPERATION COMMAND WORDS (OCWs) 

After the Initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip Is ready to accept 
Interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithnJs.CiMlliCOni- 
mand the 8259A to operate in various mo pajStBttuil T" 
the Operation Command Words (OCWs). 



OPERATION CONTROL WORDS (OCWs) 



AO 


07 


06 


0CW1 
OS 04 


03 02 01 DO 




1 M7 


MS 


MS |M4 


1. .IB'IMZ i M1i''mff || 








1 










1 " ■ 
OCW2 




1 " 


SL 


EOl 


■0 U. LI LO 1 






! 


...... 1 








OCWS 




1 


ESMM 


SMM 


1 P RR RIS 1 



OPERATION CONTROL WORD 1 (0CW1) 

0CW1 sets and clears the mask bits In the interrupt 
I .iia$k Register (IMR). M7- Mq represent the eight mask 
— bii+s-i'- M = 1 Indicates the channel is masked 
|(in^ibi^d),.M4 ipdiqatef the channel Is enabled. 



OPERATION CONTROL WORD 2 (OCW2) 

R, SL, EOl — These three bits control the Rotate and 
End of Interrupt modes and combinations Of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 

L2, L^, Lq — These bits determine the interrupt level acted 
Qpoh when the SLIblt is active. 

L I I 



OPERATION CONTROL WORD 3 (0CW3) 

ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM to set or reset the Special 
Mask Mode. When ESMfc|=|D the SMM fii'teftames a 

"don't care". 

SMM — Special Mask Mode. If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMM=1 
and SMM = the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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FULLY NESTED MODE 

ThiS)'mode Is entered after initialization, wiJiess anotlner 
mode is programmed. The interrupt requests are 
ordered In priority form tlirougti 7 (0 highest). When an 
interrupt is acl<nowledged the highest priority request is 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) Is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOl) command Immediately before 
returning from the service routine, or If AEOI (Automatic 
End of Interrupt) bit Is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further Interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an Interrupt (which will be 
acknowledged only If the microprocessor Internal Inter- 
rupt enable flip-flop has been re-enabled through soft- 
ware). 

After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can b« changed, as 
wtll^l^ explained, In the rotating prioijit^^m^ 

END OF INTERRUPT (EOl) 

The In Service (IS) bit can be reset either automati cally 
following the trailing edge of the last in sequence INTA 
pulse (when ^EOi bit in ICW1 is set) or by a command 
word that must be issued to the 82S9A before returning 
from a service routine (EOl command). An EOl command 
mu^ be issued twice if in the Cascade mode, once for the 
master and once for the corresponding slave. 

There are two forms of EOl command: Specific and Non- 
specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOl. When a Non-SpecifIc EOl 
command i$ issued the 82S9A will automatically reset 
the highest IS bit of those that are set, since in the 
fully nested mode the highest IS level was necessarily the 
last level acknowledged and serviced. A non-specific EOl 
can be issued with 0CW2 (EOl = J., SL = 0, R = 0). 

When a mode Is used which may disturb the fully nested 
structure, the 8259A may no longer be able to dfitermirte 
the last level acknowledged, in this case 9 Specific End of 
Interrupt must be issued which includes as part of the 
command the IS level to be reset. A specific EOl can be is- 
sued with OCW2 (EOl = 1 , SL = 1 , R = 0, and L0-L2 is the 
binary level of the IS bit to be reset). 

It should be noted that an IS bit that Is masked by an 
IMR bit will not be cleared by a non-specjfic EOl if the. 
82S9A Is in the Special Mask Mode. ; ' 2 

AUTOMATIC END OF INTERRUPT (AEOrMOOE 

If AEOI = 1 in ICW4, then the 8259A will operate in AEOI 
' mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EOl operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in lAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required within a single 8259A. 

The AEOI mode can only be used in.a.master 8259A and 
not a slave. 



AUTOMATIC ROTATION 
(Equal Priority Devices) 

In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after 
being seryiC{BCt, cec^iyes^MA^Iowest priority, so a di^i^^e 
requesting an interrupt^ tttill have to wait, in the j^orfii 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and "in service" status 
is: 

Before Rotate (IR4 the highest priority requiring service) 

IS7 ISe IS6 IS4 IS3 IS2 ISI ISO 



Low«l Prtorlty 



Highni Priority 

I ' I 



After Rotate (IR4 was serviced, all other priorities 
rotated Correspondingly) 



IS7 ISa ISS IS4 IS3 182 ISI ISO 



PrIorHy Status 



There are two ways to accomplish Automatic Rotation 
using 0CW2, the Rotation on Non-Speclfic EOl Command 
(R = 1, SL = 0, EOl = 1) and the Rotate in Automatic EOl 
Mode which Is set by (R = 1 , SL = 0, EOl = 0) and cleared 
by (R = 0, SL = 0, EOl = 0). j 

SPECIFIC ROTATION ' 
(Specific Priority) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
I.e., if IRS is programmed as the bottom priority device, 
then IR6 will have the highest one. 

The Set Priority command is issued in 0CW2 W(,Jiere; 
R = 1 , SL = 1 ; LO-L2 Is the binary priority level code of the 
bottom priority device. 

Observe that In this mode internal status is updated by 
software control during OCW2. However, It Is independent 
of the End of interrupt (EOl) command (also executed by 
OCW2). Priority changes can be executed during an EOl 
command by using the Rotate on Specific EOl command 
in 0CW2 (R = 1 , SL = 1 , EOl = 1 and L0-L2 = IR level to 
receive bottom priorit^fT ~ ' 

INTERRUPT MASKS 

1 

Each Interrupt Request input can be masked indivld<^ 
ally by the Interrupt Mask Register (IMR) programmeid 
through 0CW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Bit masks IRO, Bit 1 masks IR1 
^MiS 30 fsrtht Masking an |R channel does not affect the 
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routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to Inhibit lower priority 
tl^sit^ for a portl6n bf-lts «jteciHloh but'bnabte'StiMe 
arffieifWanofh'ef portion; • ' ' •■"«<• ' ' 

The difficulty here is that if an interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 

That is where the Special fi^asli Mode comes in. In the 
special Masl( Mode, when a mast* bit is set in 0CW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from all other levels (lower as well as higher) that 
are not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mask Mode is stt by;v|OCW3 jwhete: 
SSMM = 1, StMtri.^'^.^apil cj?aif|i where SSMMsi, 



t^ssoi- internal Fnterrupf EFfa4)le fll^-f lop Is feset, disablihg 
rfs interrupt rn^ut. Service to' de)ytc«(Si{«)A0hie«ed by 
stoftware using a Poll comniand. ' f '"''onii3h ti »• .-i 

The Poll command is issued by setting P= "1" in 0CW3. 
The 8259A treats the next RD pulse to the 8259A (i.e., 
RD = 0, C5 = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a requ est, and reads the 
priority level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during R5 is: 

or tM OS 04 03 02 Dl 00 



W2 W1 



WO 



SMM = 0. 



W0-W2: Binary code of the highest priority level 
, , requesting service. 

ee .DC'i I: Equal to a "1" if there is an Interrupt. 

This mode is useful if there is a r outine command com- 
mon to several levels so that the INTA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 
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NOTES 

] MAfTER CLEAR ACTIVE ONLV OUHiMG ICW< 

I fmiUlf IS ACTIVE DURING INTa ANO KILL SEQUENCES ONLY 
] TRUTH TASLE FOR D LATCH 

OPERATION 
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HEADING THE 8259A STATUS 

The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via 0CW3 (IRR and ISR or OCW1 
tiMft]). ; ; : " 

Interrupt Request Register (IRR): 8-bit register which con- 
tains the levels requesting an interrupt to be acknowl- 
edged. The highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not affected by IMR.) 

In-Service Register (i'SR): 8-bit register which contai(i| <he 
priority levels that are being serviced. The ISR Is up'dated 
when an End of Interrupt Command is issued. 

Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 

The IRR can be read whgjij 
Register CpmnjanjJls 

ThalSR can bereadjwhen, pi'lor!ldtlisflBEpu<s6,.*l%9Bd 
Hester Command IS issued with OCW3 (RR^^ ; RIS«= 1). 



lie RD PUJae,, a Read 



There is no need to write an 0CW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A "remembers" 
whether the IRR or ISR has been previously selected by 
the 6CW3. Thfe Is noHW^'fthtt^ff**!!!**!;' ' ' 

After initialization -the 8259A is set to IRR. 

For reading the 1MB. ^OCW3 is need[9d-, Jjl^t^tput ija)^ 
bus wi 1 1 contain the IMR whenevw^ it^lye sttfl 
(0CW1). 

. ; ■ u - - ri ior,- ^' .,..2b... I 

1 Mi'Qcwa. 



Polling overiittes status^ead .whenF im^t, BR r 



EDQE AND LEV^^rf^lQdlPKD MODES 

This mode is programmed using bit 3 in ICW1. 

If LTIM = , an interrupt request will be recognized bya 
low to high transition on an IR input. The IB input can re- 
main high without generating another interrupt. 

If LTIM = '1', an interrupt request will be recognized by a 
'high' level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EOl command is Issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 

The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
8259A. Be sure to note that the request latch is a transpar- 
ent D type latch. 

In both the edge and level triggered modes the IR Inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a DEFAULT 
IR7 will occur when the CPU acknowledges the interrupt. 
This can be a useful safeguard for detecting iriterrupts 
caused by spurious noise glitches on the IR inputs. To im- 
plement this feature the IR7 routine is used for "clean up" 
simply executing a return instruction, thus ignoring the 
interrupt. If IR7 is needed for other purposes a default IR7 
can still be detected by reading the ISR. A normal IR7 
interrupt will set the corresponding ISR bit, a default IR7 
won't. If a default IR7 routine occurs during a normal IR7 
roiitihe, however, the ISR will rtfrnain'SBE Bthis case it Is 
rieeessary to keep track of wheWyrflilf*i4#trtb lf<7 routine 
was previously entered. If another tR7 o^§S01t is a 
defatittr', o; .'Xv.eSb oc; suii ii.. .:«_:m ■■ ^--ci-n MiOlKjd 
gtr'-l ii' — q^w^-i^ alVr af-z^f"^^ -^f - -- - — jrang-ig hb- — 
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THE WKJIAL Fl^l.Wi;;HE8TiftK!P»fev3J 0«a 3003 

Thit iNocte^,«i(ill,b)e.t^^ In tl>f ot a big system 
whacH cascading tis u'sdb, and the priority has to be con- 
■MiHiiillawmtn' each slave. In this case the fully nested 
'incMlt' teWI'^ programmed to the master (using IGW4). 
This mode Is similar to the normal nested mode with the 
following exceptions: 

a. When an Interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from 
tiigtier priority IR's within the slave will be recognized 
by the master and will initiate interrupts to the proc- 
essor. (In the normal nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 

b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of Interrupt (EOl) command to the 
Slave and then reading its In-Service register and 
drawing for zero. If it is empty, a non-specific EOl 
c&^%e sfirit to the master too. If not, no EOl should be 
sent. 

BUFFERED MODE 

When the 8259A is used in a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabl- 
ing buffers. 

The buffered mode will structure the 8259A to send an 
enabla^iigffal on to «nabte-tiie-.bufleiss-fn-4h)s- 



mode, wh^e^r the B259A's data bua jjufjip^ts areen# 
bled, the SP/EN output becomes active. 

This modification forces the use of soft<trare program- 
ming to determine whether the 8259A is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 

CASCADE MODE r > ^ 

Ttie'B2S9A can <be easily intenGormeGte<l;it!t.a system of CUM 
master with up to eight slaves to handle up to 64 priority 
levels. 

The master controls the slaves through the 3 line cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the INTA sequence. 

in a cascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only tor 8086/8088). 

The cascade bus lines are normally lovy and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
825gA in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOl eemmaiKl must be issued twice: once for 
the master and once for the corresponding slave. An 
•aSSir^ dle^ief 'Wreii\^^io activate' tte Cttip Seledt 

ICS) Input Of saow^gift'.'^'^f' ' t^-,irt .-i t 

The cascade lines of the Master 8259A are activated only 
for slave inputs, non slave inputs leave the cascade line 
-inactive {lovi4. — -- - — — — 
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Figure 11. Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -6S*C to -i- 1S0'C 

Voitage on Any Pin 

with Respect to Ground -0.5Vfo+7V 

Power Dissipation . . i . w 1 Watt 



'NOTICE: Stresses above those listed under "Atjsolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated In the operational sections of this spec/ft- 
cation is not implled^«^•m6^B^ i trx w .. ' 



D.C. CHARACTERISTICS [Ta = 0°C to 70fC, Vcc = 5V ±5% (8259A-8), Vce = SV *10% (8259A. 8259A-2)] 



Symbol 


Parameter 


MIn. 


Max. 


Units 


Test Conditions 


V|L 


input Low Voitage 


-as 


0.8 


V 




V|H 


input iHigli Voltage- 


2.0* 


Vcc +0.5V 


V 




Vol 


Output Higit Vortllge ^ ' 




0.45 


V 


Iql = 2.2mA 


VOH 


Output High Voltag^^.. ^ . 


2.4 




V 


lOH = -400/xA 


VoH(INT) 


Interrupt Ou^Mll^ 
Voltage 


3.5 




V 


iOH = -100mA 


2.4 




V 


lOH = -400AtA 


iLI 


Input Load Current - . 


-10 


+10 


^A 


OV sV|N «Vcc 


Ilol 


Output Leakage Current 


-10 


+ 10 




0.45V sVoUT^Vcc 


Ice 


Vcc Supply Current 




85 


mA 




Ilir 


IR Input Load Current 




-300 


mA 


V|N = 










- .10 


^A 


VrN=Vcc 






1 


'-ee» — ■ 1 





CAPACITANCE (Ta = 25°C; Vpc = GND = OV) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


1 ibst Conditions 




Input Capacitance 






10 




fc = 1 MHZ 


C|/0 


I/O Capacitance 






20 


PF 


Unmeasured pins returned to Vgg 











A.CiL^CHARACTERIST|CSj 
TIMING REQUIREMEN1S 



Symbol 


Parameter 


82S9A-8 


B259A 


8259A-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TAHRL 


AO/CS Setup to RD/INTAi 


50 














ns 




TRHAX 


AO/CS Hold after RD/iNTAt 


5 














ns 




TRLRH 


^ Pulse Width 


420 




235 




160 




ns 




TAHWL 


AO/CS Setup to WRl 


50 














ns 




TWHAX 


AO/CS-Hold after WRt 


20 














ns 




TWLWH 


WR Pulse Width" 


400 




290 




190 




ns 




TDVWH 


Data Setup to WRt 


300 




240 




160 




ns 




TWHDX 


Data Hold after WRT 


40 














ns 




TJUH 


Interrupt Request Width (Low) 


100 




100 




100 




ns 


See Note 1 


TCVIAL 


Cascade Setup to Second orThjrd 






55 




40 








IT^TAI (Slave Only) 


55 








ns 






End of RD to next RD 

End of iNTA to next INTA within 

an INTA sequencionly,. . 


















TRHRL 


160 




160 




160 




ns 




TWHWL 


End of wR to fflttet WR i ' ' 

1 .ill 1 1 


190 




190 




190 




ns 
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A.C. CHARACTElfilSt|<;S (Continued) 



•oeri-o! o'i 



Symbol 


ParsmatM Wtt^m' 


8259A-8 


8259A 


S259A-2 


Units 


HBtiieontRtions^ 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


*TCHCL_ 


cnu Of oomiTiana xo no*i vyoininanu 

^Npt same command type) 

t^9^ 


500 




500 




500 




ns 
























End of INTA sequence to next 
INTAsequenca — , - 


















•Worst case timing forTCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e._80B5A 
8085 A-2 = Vs. 8086 = Vs, 8086-2 = 625 ns) ^ 
NOTE: This Is ttig'l&# time requi£ed to plear thelnput latch in the edge triggered mode. 
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Symbol 


Parameter 


8259A-8 


8259A 


82S9A-2 


Units 


Test Conditions 




IMIn. 


Max. 


Min. 


Max. 


Min. 


Max. 


TRLDV 


Data Valid from RD/iFfTA| 




300 




200 




120 


ns 


C of Data Bus- 




















too pF 


TRHDZ 












10 


85 




C of Data Bus 
Ma^pxt C - 100 pE. 


Data Float after RD/INTAI 


10 


200 


10 


100 


ns 


TJhHH 
















ns 


Interrupt Output Delay 




400 




350 




300 


Min..teatLC >° IS pF ' 

C|NT = too pF 


TIALCV 


Cascade Valid from First INTA] 
((faster Only) 




565 




565 




360 


ns 


TRLEL 


Enable Active from RP| or iNTAi 




160 




125 




too 


ns 


'^CASCAOe " 100 PF 


TRHEH 


EnablB1iwai«>e from ROT or iNTAI 




326 




150 




150 


ns 


lO' ! 


TAHDV 
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A.C. TESTING INPUT, OUTPUT WAVEFORM . 
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A.C:T€STING: INPUTS-AReORtVEiy AT 2.4V FOR A LOGIC 1 ANDO:45VFOR 
A LOGIC TIMING MtASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1 
AND 0.aV FOR A LOGIC- tt '^" 



A.C. TESTING LOAD CIRCUIT 
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WAVEFORMS (Continued) 
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WAVEFORMS (Continued) 
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NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in lAPX 86,-iAPX 86 systems, the Data Bus is^t active.- 
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